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<> EMBEDDED IN TOMORROW” 16-Mbit (2 Mbyte)/32-Mbit (4 Mbyte)/ 


64-Mbit (8 Mbyte), 3.0 V, SPI Flash Memory 


This product family has been retired and is not recommended for designs. For new and current designs, S25FLO64L supersede the 
S25FL1-K family. These are the factory-recommended migration paths. Please refer to the S25FL-L Family datasheets for 
specifications and ordering information. 


Features 
m Serial Peripheral Interface (SPI) with Multi-I/O — 8-Byte Unique ID for each device 
— SPI Clock polarity and phase modes 0 and 3 - Non-volatile Status Register bits control protection modes 
— Command subset and footprint compatible with S25FL-K — Software command protection 
W Read — Hardware input signal protection 
— Normal Read (Serial): — Lock-Down until power cycle protection 
— 50 MHz clock rate (-40 “С to +85 °C/105 °C) — OTP protection of s ity registers 
— Fast Read (Serial): W 90 nm Floating Gate logy 
- 108 MHz clock rate (-40 °C to +85 °C/105 °С) m Single Supply Volt 
— Dual Read: — 2.7 V to 3.6 strial, Industrial Plus, and Extended 
- 108 MHz clock rate (-40 °C to +85 °C/105 °С) temperature rage) 
— Quad Read: — 2.6 V to. 3: (Extended temperature range) 
- 108 MHz clock rate (-40 °C to +85 °C/105 °C) m Tem Ranges 
— 54 MB/s maximum continuous data transfer rate — Industrial (-40 °C to +85 °C) 
(40 °C to +85 °С/105 °С) hota Plus (-40 °C to +105 °C) 
- Efficient Execute-In-Place (XIP) < utomotive, AEC-Q100 Grade 3 (—40°C to +85°C) 
— Continuous and wrapped read modes — Automotive, AEC-Q100 Grade 2 (—40°C to +105°C)) 
— Serial Flash Discoverable Parameters (SFDP) ee m Package Options 
Ш Program <N - S25FL116K 
— Serial-input Page Program (up to 256 bytes) @ — 8-lead SOIC (150 mil) — SOA008 
— Program Suspend and Resume < — 8-lead SOIC (208 mil) — SOC008 
m Erase < — 8-contact WSON 5 mm x 6 mm - WND008 
— Uniform sector erase (4 kB) %) - 24-ball BGA 6 mm x 8 mm – ҒАВ024 and FAC024 
— Uniform block erase (64 kB) © — КСО / KGW 
— Chip erase © - S25FL132K 
— Erase Suspend and Resume x — 8-lead SOIC (150 mil) - SOA008 
W Cycling Endurance — 8-lead SOIC (208 mil) - 5ОС008 
— 100K Program-Erase сук ітит — 8-contact USON 4 mm x 4 mm — UNF008 
W Data Retention — 8-contact WSON 5 mm x 6 mm — WNDO0OS8 
— 20-year data retention, minimum — 24-ball ВСА 6 mm x 8 mm — ҒАВ024 and ҒАС024 
Ш Security —KGD/KGW 
— Three 256-byte Security Registers with ОТР protection - S25FL164K 
— Low supply voltage protection of the entire memory - 8-lead SOIC (208 mil) - 50С008 
— Pointer-based security protection feature (S25FL132K and - 16-lead SOIC (300 mil) - 503016 
S25FL164K) — 8-contact WSON 5 mm x 6 mm — WND008 
— Top / Bottom relative Block Protection Range, 4 kB to all of - 24-ball ВСА 6 mm x 8 mm — FABO24 and ҒАС024 
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Performance Summary Q 
Maximum Read Rates (Vcc = 2.7 V to 3.6 V, 85 °C/105 °C) SS 
Command KO Clock Rate (MHz) Mbytes/s 
Read 50 6.25 
Fast Read > 108 13.5 
Dual Read < 108 27 
Quad Read < 108 54 
Typical Program and Erase Rates (Vcc = o 3.6 V, 85 “С/105 °C) 
ation kbytesls 
Page Programming (256-byte page с ) 365 
4-kbyte Sector Erase О 81 
64-kbyte Sector Erase > 131 
Typical Current Consumption (Усс = 2.7 V to 3.6 V, 85 *C/105 °C) 
Operation Current (mA) 
Serial Read 50 MHz 7 
Serial Read 108 MHz 12 
Dual Read 108 MHz 14 
Quad Read 108 MHz 16 
Program 20 
Erase 20 
Standby 0.015 
Deep-Power Down 0.002 
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1. General Description 


The S25FL1-K of non-volatile flash memory devices connect to a host system via a Serial Peripheral Interface (SPI). Traditional SPI 
single bit serial input and output (Single I/O or SIO) is supported as well as optional two bit (Dual I/O or DIO) and four bit (Quad I/O 
or QIO) serial protocols. This multiple width interface is called SPI Multi-I/O or MIO. 


The SPI-MIO protocols use only 4 to 6 signals: 
W Chip Select (CS#) 

ш Serial Clock (SCK) 

100 (SI) 

101 (SO) 

102 (WP#) 

103 (HOLD#) 


Ш Serial Data <N 


The SIO protocol uses Serial Input (SI) and Serial Output (SO) for data transfer. The DIO рпа use IOO and IO1 to input or 
output two bits of data in each clock cycle. 


The Write Protect (WP#) input signal option allows hardware control over data prote A ж controlled commands can also 
manage data protection. К“ 


Тһе HOLD# input signal option allows commands to be suspended and res “> апу сіоск сусіе. 
Тһе QIO protocols use all of the data signals (100 to 103) to transfer 4 bitsgn each clock cycle. When the QIO protocols are enabled 


the WP# and HOLD* inputs and features are disabled. %) 

Clock frequency of up to 108 MHz is supported, allowing data trangler rates up to: 
m Single bit data path = 13.5 Mbytes/s ee 

ш Dual bit data path = 27 Mbytes/s QN 

ш Quad bit data path = 54 Mbytes/s 


Executing code directly from flash memory is ofte 
rates supported, with QIO commands, the com 


d execute-In-Place or XIP. By using S25FL1-K devices at the higher clock 
read transfer rate can match or exceed traditional x8 or x16 parallel interface, 
asynchronous, NOR flash memories, while re g signal count dramatically. The Continuous Read Mode allows for random 
memory access with as few as 8-clocks Ger ead for each access, providing efficient XIP operation. The Wrapped Read mode 
provides efficient instruction or data ca fill via a fast read of the critical byte that causes a cache miss, followed by reading all 
other bytes in the same cache line in" sirigle read command. 


The S25FL1-K: 
W Support JEDEC standard manufacturer and device type identification. 


ш Program pages of 256 bytes each. One to 256 bytes сап be programmed in each Page Program operation. Pages сап be 
erased in groups of 16 (4-kB aligned sector erase), groups of 256 (64-kB aligned block erase), or the entire chip (chip erase). 


W The S25FL1-K devices operate on a single 2.6V/2.7V to 3.6V power supply and all devices are offered in space-saving 
packages. 


W Provides an ideal storage solution for systems with limited space, signal connections, and power. These memories offer 
flexibility and performance well beyond ordinary serial flash devices. They are ideal for code shadowing to RAM, executing 
code directly (XIP), and storing reprogrammable data. 
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1.1 


1.1.1 


Migration Notes 


Features Comparison 
The S25FL1-K is command set and footprint compatible with prior generation FL-K and FL-P families. 


Table 1. FL Generations Comparison 


S25FL116K/S25FL132K/S25FL164K 


Parameter S25FL1-K S25FL-K S25FL-P 
Technology Node 90 nm 90 nm 90 nm 
Architecture Floating Gate Floating Gate MirrorBit? 


Release Date 


In Production 


In Production 


In Production 


Density 16 Mbit - 64 Mbit 4 Mbit - 128 Mbit 32 Mbit - 256 Mbit 
Bus Width х1, x2, x4 x1, x2, x4 QV x1, x2, x4 
Supply Voltage 2.6V / 2.7\/ - 3.6V 2.7V - 3.6V 29 2.7V - 3.6V 
Normal Read Speed 6 MB/s (50 MHz) 6 MB/s (50 g^ 5 MB/s (40 MHz) 
Fast Read Speed 13.5 MB/s (108 MHz) 13 MB/s m 13 MB/s (104 MHz) 
Dual Read Speed 27 MB/s (108 MHz) 26 MBO 4 Ны 20 MB/s (80 MHz) 
Quad Read Speed 54 MB/s (108 MHz at 85°C/105°C) 5 (104 MHz) 40 MB/s (80 MHz) 
Program Buffer Size 256B 256B 256B 


Page Programming Time 
(typ.) 


700 us (256B) 


oO 


700 us (256B) 


1500 us (256B) 


EN: 


Program Suspend / Resume Yes No 
Erase Sector Size 4 kB/ 64 kB 4 kB/ 32 kB/ 64 kB 64 kB / 256 kB 
Parameter Sector Size N/A ж М/А 4 КВ 
Sector Erase Time (typ.) 50 ms (4 kB), 500 4 kB) 30 ms (4 kB), 150 ms (64 kB) 500 ms (64 kB) 
Erase Suspend / Resume Y, Yes No 

OTP Size 768 x 256B) 768B (3 x 256B) 506B 
Operating Temperature -4 85°С / +105°C -40°C to +85°C -40°C to +85°C / +105°C 
Notes: x 

1. S25FL-K family devices can erase «04: іп groups of 32 КВ ог 64 КВ. 

2. S25FL1-K family devices can erase 4-kB sectors in groups of 64 КВ. 

3. S25FL-P has either 64-kB or 256-kB uniform sectors depending on an ordering option. 

4. Refer to individual data sheets for further details. 

1.1.2 Known Feature Differences from Prior Generations 

1.1.2.1 Secure Silicon Region (OTP) 


The size and format (address map) of the One Time Program area is the same for the S25FL 1-K and the S25FL-K but different for 
the S25FL-P. 


Document Number: 002-00497 Rev. *H 


Page 5 of 90 


CYPRESS S25FL116K/S25FL132K/S25FL164K 


K— 4 EMBEDDED IN TOMORROW 


1.1.2.2 Commands Not Supported 
The following S25FL-K and S25FL-P commands are not supported: 


Quad Page PGM (32h) 
Half-Block Erase 32K (52h) 
Word read Quad I/O (E7) 

Octal Word Read Quad І/О (E3h) 
MFID dual I/O (92h) 

MFID quad І/О (94h) 

Read Unique ID (4Bh) 


1.1.2.3 New Features 
The S25FL1-K introduces new features to low density SPI category memories: 


ш Variable read latency (number of dummy cycles) for faster initial access time or higher s. read commands 
W Industrial Plus and Extended temperature range oO 


W  Volatile configuration option in addition to legacy non-volatile configuration RN 


© 
1.2 Glossary SS 


ш = Command. All information transferred between the host system gefemon during one period while CS£ is low. This includes 
the instruction (sometimes called an operation code or opcode) а ny required address, mode bits, latency cycles, or data. 


ш Flash. The name for a type of Electrical Erase Programm ad Only Memory (ЕЕРКОМ) that erases large blocks of 
memory bits in parallel, making the erase operation muc er than early EEPROM. 


High. A signal voltage level > Мн or a logic level repoting a binary one (1). 


Instruction. The 8-bit code indicating the functio 
opcode). The instruction is always the first 8 bifS« 


Low. A signal voltage level < \/ or a logic (ey 
LSB. Least Significant Bit. e Nn 


o`be performed by a command (sometimes called an operation code or 
ansferred from host system to the memory in any command. 


І representing a binary zero (0). 


t most bit, with the lowest order of magnitude value, within a group of bits of a 
register or data value. 


Ш MSB. Most Significant Bit. Gently the left most bit, with the highest order of magnitude value, within a group of bits of a 
register or data value. 


Non-Volatile. No power is БЭ. to maintain data stored іп the memory. 


OPN. Ordering Part Number. The alphanumeric string specifying the memory device type, density, package, factory non-volatile 
configuration, etc. used to select the desired device. 


Page. 256-byte aligned and length group of data. 
PCB. Printed Circuit Board. 


Register Bit References. Are іп the format: Register name[bit number] or Register name[bit range МӘБ: bit range В]. 


Sector. Erase unit size; all sectors are physically 4-kbytes aligned and length. Depending on the erase command used, groups 
of physical sectors may be erased as a larger logical sector of 64 kbytes. 


ш Write. An operation that changes data within volatile or non-volatile registers bits or non-volatile flash memory. When changing 
non-volatile data, an erase and reprogramming of any unchanged non-volatile data is done, as part of the operation, such that 
the non-volatile data is modified by the write operation, in the same way that volatile data is modified — as a single operation. 
The non-volatile data appears to the host system to be updated by the single write command, without the need for separate 
commands for erase and reprogram of adjacent, but unaffected data. 
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1.3 Other Resources 


1.3.1 Cypress Flash Memory Roadmap 


www.cypress.com/product-roadmaps/cypress-flash-memory-roadmap 


1.3.2 Links to Software 


www.cypress.com/software-and-drivers-cypress-flash-memory 


1.3.3 Links to Application Notes 


www.cypress.com/cypressappnotes 
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Hardware Interface 


Serial Peripheral Interface with Multiple Input / Output (SPI-MIO) 

Many memory devices connect to their host system with separate parallel control, address, and data signals that require a large 
number of signal connections and larger package size. The large number of connections increase power consumption due to so 
many signals switching and the larger package increases cost. 


The S25FL1-K reduces the number of signals for connection to the host system by serially transferring all control, address, and data 
information over 4 to 6 signals. This reduces the cost of the memory package, reduces signal switching power, and either reduces 
the host connection count or frees host connectors for use in providing other features. 


The S25FL1-K uses the industry standard single bit Serial Peripheral Interface (SPI) and also supports commands for two bit (Dual) 
and four bit (Quad) wide serial transfers. This multiple width interface is called SPI Multi-I/O or SPI-MIO. 


2. Signal Descriptions e 
ce 


2.1  Input/ Output Summary o 
Table 2. Signal List AN 
Signal Name Type ea 
SCK Input Serial Clock. < 
CS# Input Chip Select. О 
SI (100) ПО Serial Input for single bit data c ands. 100 for Dual or Quad commands. 
SO (101) МО Serial Output for single bit ommands. 101 for Dual or Quad commands. 
WP# (102) О Write Protect in single b ual data commands. ІО2 in Quad mode. The signal has an internal 


pull-up resistor and may left unconnected in the host system if not used for Quad commands. 


Hold (pause) seri 
HOLD# (ІОЗ) VO signal has ап i 


sfer in single bit or Dual data commands. 103 іп Quad-I/O mode. Тһе 
pull-up resistor and may be left unconnected in the host system if not used 


Vcc Supply Core an Power Supply. 


Vss Supply Gro 


onnected. No device internal signal is connected to the package connector nor is there 
future plan to use the connector for a signal. The connection may safely be used for routing 
ace for a signal on a Printed Circuit Board (PCB). However, any signal connected to an NC 
must not have voltage levels higher than Vcc. 


NC Unused 


Reserved for Future Use. No device internal signal is currently connected to the package 
connector but there is potential future use of the connector for a signal. It is recommended to not 
use RFU connectors for PCB routing channels so that the PCB may take advantage of future 
enhanced features in compatible footprint devices. 


RFU Reserved 


Do Not Use. Do not use these connections for PCB signal routing channels. Do not connect any 


BM Бы host system signal to this connection. 


Note: 
1. Asignal name ending with the # symbol is active when low. 
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2.2 Address and Data Configuration 
Traditional SPI single bit wide commands (Single or SIO) send information from the host to the memory only on the SI signal. Data 
may be sent back to the host serially on the Serial Output (SO) signal. 


Dual or Quad Output commands send information from the host to the memory only on the SI signal. Data will be returned to the 
host as a sequence of bit pairs on 100 and 101 or four bit (nibble) groups on 100, 101, 102, and ІОЗ. 


Dual or Quad Input / Output (I/O) commands send information from the host to the memory as bit pairs on IOO and 101 or four bit 
(nibble) groups on 100, 101, 102, and ІОЗ. Data is returned to the host similarly as bit pairs on IOO and 101 or four bit (nibble) groups 
on 100, 101, 102, and ІОЗ. 


2.3 Serial Clock (SCK) 


This input signal provides the synchronization reference for the SPI interface. Instructions, addresses, or data input are latched on 
the rising edge of the SCK signal. Data output changes after the falling edge of SCK. 


2.4 Chip Select (С5%) a 


The chip select signal indicates when a command for the device is in process and the Cera are relevant for the memory 
device. When the CS# signal is at the logic high state, the device is not selected and put signals are ignored and all output 
signals are high impedance. Unless an internal Program, Erase or Write Status Reg ters embedded operation is in progress, the 
device will be in the Standby Power mode. Driving the CS# input to logic low eom the device, placing it in the Active Power 
mode. After Power-Up, a falling edge on CS£ is required prior to the start oe ommand. 


5 
25 белігі Input (SI) / 100 «o 


This input signal is used to transfer data serially into the device. T instructions, addresses, and data to be programmed. 
Values are latched on the rising edge of serial SCK clock sign 


SI becomes 100 - an input and output during Dual and Q mmands for receiving instructions, addresses, and data to be 
programmed (values latched on rising edge of serial S ск signal) as well as shifting out data (on the falling edge of SCK). 


2.6 Serial Output (SO) / өс 


This output signal is used to transfer data s, out of the device. Data is shifted out on the falling edge of the serial SCK clock 
signal. 


SO becomes 101, ап input and outpufduring Dual and Quad commands for receiving instructions, addresses, and data to be 
programmed (values latched VR edge of serial SCK clock signal) as well as shifting out data (on the falling edge of SCK). 


2.7 Write Protect (WP#) / 102 


When WP# is driven Low (\ |), while the Status Register Protect bits (SRP1 апа SRPO) of the Status Registers (SR2[0] and SR1[7]) 
are set to 0 and 1 respectively, it is not possible to write to the Status Registers. This prevents any alteration of the Status Registers. 
As a consequence, all the data bytes in the memory area that are protected by the Block Protect, TB, SEC, and CMP bits in the 
status registers, are also hardware protected against data modification while WP# remains Low. 


Тһе WP# function is not available when the Quad mode is enabled (QE) in Status Register-2 (SR2[1]=1). The WP5 function is 
replaced by 102 for input and output during Quad mode for receiving addresses, and data to be programmed (values are latched on 
rising edge of the SCK signal) as well as shifting out data (on the falling edge of SCK). 


WP# has an internal pull-up resistance; when unconnected, WP# is at Мн and may be left unconnected in the host system if not 
used for Quad mode. 
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2.8 HOLD# / 103 


The HOLD# signal is used to pause any serial communications with the device without deselecting the device or stopping the serial 
clock. 


To enter the Hold condition, the device must be selected by driving the CS# input to the logic low state. It is required that the user 
keep the CS# input low state during the entire duration of the Hold condition. This is to ensure that the state of the interface logic 
remains unchanged from the moment of entering the Hold condition. 


The Hold condition starts on the falling edge of the Hold (HOLD#) signal, provided that this coincides with SCK being at the logic low 
state. If the falling edge does not coincide with the SCK signal being at the logic low state, the Hold condition starts whenever the 
SCK signal reaches the logic low state. Taking the HOLD# signal to the logic low state does not terminate any Write, Program or 
Erase operation that is currently in progress. 


During the Hold condition, SO is in high impedance and both the SI and SCK input are Don't Care. 


The Hold condition ends on the rising edge of the Hold (HOLD#) signal, provided that this coincides with the SCK signal being at the 
logic low state. If the rising edge does not coincide with the SCK signal being at the logic low statexthe Hold condition ends 
whenever the SCK signal reaches the logic low state. . © 

N 


Figure 1. Hold Condition Q 


Hold Condition 
Non-standard Use 


SI or IO (during input) ША a ali 
SO or IO (internal) ` А 77) = ТЕ” 
SO or IO (external) ——— í A В] QN B 


2.9 Core and І/О Signal Volta upply (Vcc) 


Vec is the voltage source for all device intern c and input / output signals. It is the single voltage used for all device functions 
including read, program, and erase. Q 


Vss is the common voltage ага! ground reference for the device core, input signal receivers, and output drivers. 


2.10 Supply and pum (Vss) 


2.11 Not Connected (NC) 


No device internal signal is connected to the package connector nor is there any future plan to use the connector for a signal. The 
connection may safely be used for routing space for a signal on a Printed Circuit Board (PCB). 


2.12 Reserved for Future Use (RFU) 


No device internal signal is currently connected to the package connector but is there potential future use for the connector for a 
signal. It is recommended to not use RFU connectors for PCB routing channels so that the PCB may take advantage of future 
enhanced features in compatible footprint devices. 
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S25FL116K/S25FL132K/S25FL164K 


2.13 Do Not Use (DNU) 


A device internal signal may be connected to the package connector. The connection may be used by Cypress for test or other 
purposes and is not intended for connection to any host system signal. Any DNU signal related function will be inactive when the 
signal is at V. The signal has an internal pull-down resistor and may be left unconnected іп the host system or may be tied to Vas. 
Do not use these connections for PCB signal routing channels. Do not connect any host system signal to these connections. 


2.14 Block Diagrams 


Figure 2. Bus Master and Memory Devices on the SPI Bus - Single Bit Data Path 


Figure 3. 


HOLD# 
HOLD# Ф WP e > 
WP# ° x Ф. L 
Sl ls Ф SI + 
so 
so * T > <N 
SCk | 5СК - Ó 
CS2s С52# ор 
osig 16818 | | 
Y YY 
SPI SPI кы 
Bus Master Flash Q ash 


Bus Master and Memory Devi 


© 


Қо) 


cs on the SPI Bus - Dual Bit Data Path 


HOLD# < = % > 
WP# --* SEX Ф » 
101 107 
ES о = 
100 
Оо SGK р> 
SCK & > 
ee со CS2# 
CS1# | 
< ТҮТТ YYY 
8 SP SPI 
s aster Flash Flash 


Figure 4. Bus Master and Memory Devices on the SPI Bus - Quad Bit Data Path 


103 
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3. Signal Protocols 


3.1 SPI Clock Modes 

The S25FL1-K can be driven by an embedded microcontroller (bus master) in either of the two following clocking modes. 
m Mode 0 with Clock Polarity (CPOL) = О and, Clock Phase (СРНА) = 0 

m Mode 3 with CPOL = 1 апа, СРНА = 1 


For these two modes, input data into the device is always latched in on the rising edge of the SCK signal and the output data is 
always available from the falling edge of the SCK clock signal. 


The difference between the two modes is the clock polarity when the bus master is in standby mode and not transferring any data. 
ш SCK will stay at logic low state with CPOL = 0, СРНА = 0 
ш ЭСК will stay at logic high state with CPOL = 1, СРНА = 1 


Figure 5. SPI Modes Supported 
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Timing diagrams throughout the remainder of the document a erally shown as both mode 0 and 3 by showing SCK as both 
high and low at the fall of CS#. In some cases a timing dia ay show only mode 0 with SCK low at the fall of CS#. In such a 
case, mode 3 timing simply means clock is high at the fal(@$ S# so no SCK rising edge set up or hold time to the falling edge of 
CS# is needed for mode 3. 


SCK cycles are measured (counted) from one falli ge of SCK to the next falling edge of SCK. In mode 0 the beginning of the 
first SCK cycle in a command is measured frome alling edge of CS# to the first falling edge of SCK because SCK is already low 


at the beginning of a command. о 
3.2 Command Protocol 


All communication between th ystem and S25FL 1-K memory devices is in the form of units called commands. 


All commands begin with an instruction that selects the type of information transfer or device operation to be performed. Commands 
may also have an address, instruction modifier (mode), latency period, data transfer to the memory, or data transfer from the 
memory. All instruction, address, and data information is transferred serially between the host system and memory device. 


All instructions are transferred from host to memory as a single bit serial sequence on the SI signal. 


Single bit wide commands may provide an address or data sent only on the SI signal. Data may be sent back to the host serially on 
the SO signal. 


Dual or Quad Output commands provide an address sent to the memory only on the SI signal. Data will be returned to the host as a 
sequence of bit pairs on 100 and IO1 or four bit (nibble) groups on IOO, 101, IO2, and IO3. 


Dual or Quad Input / Output (ИО) commands provide an address sent from the host as bit pairs on IOO and 101 or, four bit (nibble) 
groups on 100, 101, 102, and ІОЗ. Data is returned to the host similarly as bit pairs оп ІО0 and І01 or, four bit (nibble) groups on IOO, 
І01, IO2, and ІОЗ. 
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Commands are structured as follows: 


Each command begins with CS# going low and ends with CS# returning high. The memory device is selected by the host 
driving the Chip Select (CS#) signal low throughout a command. 


The serial clock (SCK) marks the transfer of each bit or group of bits between the host and memory. 


Each command begins with an eight bit (byte) instruction. The instruction is always presented only as a single bit serial 
sequence on the Serial Input (SI) signal with one bit transferred to the memory device on each SCK rising edge. The instruction 
selects the type of information transfer or device operation to be performed. 


The instruction may be stand alone or may be followed by address bits to select a location within one of several address spaces 
in the device. The instruction determines the address space used. The address is a 24-bit, byte boundary, address. The 
address transfers occur on SCK rising edge. 


The width of all transfers following the instruction are determined by the instruction sent. Following transfers may continue to be 
single bit serial on only the SI or Serial Output (SO) signals, they may be done іп 2-bit groups per (dual) transfer on the 100 and 
101 signals, or they may be done in 4-bit groups per (quad) transfer on the І00-ІОЗ signals. Within the dual or quad groups the 
least significant bit is on IOO. More significant bits are placed in significance order on сор numbered ІО signal. SIngle 
bits or parallel bit groups are transferred in most to least significant bit order. N 


Some instructions send an instruction modifier called mode bits, following the addr. indicate that the next command will be 
of the same type with an implied, rather than an explicit, instruction. The next comp thus does not provide an instruction 
byte, only a new address and mode bits. This reduces the time needed to So command when the same command type 


is repeated in a sequence of commands. The mode bit transfers occur on ising edge. 


The address or mode bits may be followed by write data to be stored i emory device or by a read latency period before 
read data is returned to the host. 


Write data bit transfers occur on SCK rising edge. «О 


SCK continues to toggle during any read access latency сеть latency may be zero to several ЗСК cycles (also referred 
to as dummy cycles). At the end of the read latency cycle, first read data bits are driven from the outputs on SCK falling 
edge at the end of the last read latency cycle. The firs data bits are considered transferred to the host on the following 
SCK rising edge. Each following transfer occurs on t| xt SCK rising edge. 


If the command returns read data to the host, eee continues sending data transfers until the host takes the CS# signal 
high. The CS# signal can be driven high afte ransfer in the read data sequence. This will terminate the command. 


At the end of a command that does not res data, the host drives the CS£ input high. The CS£ signal must go high after the 
eighth bit, of a stand alone instruction the last write data byte that is transferred. That is, the CS# signal must be driven 
high when the number of clock cya CS# signal was driven low is an exact multiple of eight cycles. If the CS# signal does 
not go high exactly at the eight ЗЕК ycle boundary of the instruction or write data, the command is rejected and not executed. 


All instruction, address, an QN bits are shifted into the device with the most significant bits (MSB) first. The data bits are 
shifted in and out of the IN е MSB first. All data is transferred in byte units with the lowest address byte sent first. Following 
bytes of data are sent in lowest to highest byte address order i.e. the byte address increments. 


АІ attempts to read the flash memory array during a program, erase, or a write cycle (embedded operations) are ignored. Тһе 
embedded operation will continue to execute without any affect. A very limited set of commands are accepted during an 
embedded operation. These are discussed in the individual command descriptions. 


Depending on the command, the time for execution varies. A command to read status information from an executing command 
is available to determine when the command completes execution and whether the command was successful. 
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3.2.1 Command Sequence Examples 


Figure 6. Stand Alone Instruction Command 


CS# 
SCK | | | 
si | 7 | èe | ss | 4 | 3 | 2 | t | ° | 


so 


Phase 


Figure 8. Single Bit ын Command 
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d Single Bit Wide I/O Command without Latency 
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Figure 10. Single Bit Wide ИО Command with Latency 
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Figure 11. Dual Output Command 


CS# М М = _— 
эк ]ILTLETLTLTLTULELELTLEUIWELTLTLELTIN LE LT LE LTLELT LT LT IP 


0--(7 [6 [5 [4 [3 [2 [1 Го ]23122]21\о — — ——5—34 $614 1210 [в [4 [2 [0 
ІІ---- y 1 


Figure 12. Quad Output Command without Latency 
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Figure 13. e? Command 
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Additional sequence diagrams, specific to each command, are provided in Commands оп page 62. 
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3.3 Interface States 
This section describes the input and output signal levels as related to the SPI interface behavior. 


Table 3. Interface States Summary 


HOLD# I 


Interface State 103 


SI I 100 
Low Power 

Hardware Data Protection 
Power-On (Cold) Reset 
Interface Standby 


Instruction Cycle > i HT 
Hold Cycle > i HV or HT 


Single Input Cycle 
Host to Memory Transfer 


HT 


Single Latency (Dummy) Cycle 2 i HT 


Single Output Cycle 


Memory to Host Transfer BT 


Dual Input Cycle 
Host to Memory Transfer 


Dual Latency (Dummy) Cycle 


Dual Output Cycle 
Memory to Host Transfer 


Quad Input Cycle 
Host to Memory Transfer 


Quad Latency (Dummy) Cycle 
Quad Output Cycle 
Memory to Host Transfer 


Legend: | | CER 


Z = по driver - floating signal о 
HL = Host driving Vj. Q- 
HH = Host driving Vip 

- either HL or HH © 
X -HLorHHorZ SS 


HT -toggling between HL and HH 
ML = Memory driving Vi, 

MH = Memory driving Мн 

MV = either ML or MH 


3.3.1 Low Power Hardware Data Protection 


When Vec is less than Vy the memory device will ignore commands to ensure that program and erase operations can not start 
when the core supply voltage is out of the operating range. 


3.3.2 Power-On (Cold) Reset 


When the core voltage supply remains at or below the Vcc (Low) voltage for > tpp time, then rises 

to 2 Vy) the device will begin its Power-On-Reset (POR) process. POR continues until the end of tp yy. During tpyw the device does 
not react to write commands. Following the end of tp, jy the device transitions to the Interface Standby state and can accept write 
commands. For additional information on POR see Power-On (Cold) Reset on page 25. 
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3.3.3 Interface Standby 


When С$# is high the SPI interface is in standby state. Inputs are ignored. The interface waits for the beginning of a new command. 
The next interface state is Instruction Cycle when CS# goes low to begin a new command. 


While in interface standby state the memory device draws standby current (lag) if no embedded algorithm is in progress. If an 
embedded algorithm is in progress, the related current is drawn until the end of the algorithm when the entire device returns to 
standby current draw. 


3.3.4 Instruction Cycle 


When the host drives the MSB of an instruction and CS£ goes low, on the next rising edge of SCK the device captures the MSB of 
the instruction that begins the new command. On each following rising edge of SCK the device captures the next lower significance 
bit of the 8-bit instruction. The host keeps CS# low, HOLD# high, and drives Write Protect (WP#) signal as needed for the 

instruction. However, WP# is only relevant during instruction cycles of a Write Status Registers command and is otherwise ignored. 


The transfer format may be Single, Dual output, Quad output, Dual I/O, or Quad І/О. The expe next interface state depends on 


Each instruction selects the address space that is operated on and the transfer format used =o" remainder of the command. 
the instruction received. 


Some commands are stand alone, needing no address or data transfer to or from the е? The host returns CS£ high after the 
rising edge of SCK for the eighth bit of the instruction in such commands. The next сұл state іп this case is Interface Standby. 


3.3.5 Hold e 
SS 


When Quad mode is not enabled (SR2[1]=0) the HOLD# / ІОЗ signal is us the HOLD# input. The host keeps HOLD# low, SCK 
may be at a valid level or continue toggling, and CS# is low. When Кр low a command is paused, as though SCK were held 
low. SI / 100 and SO / 101 ignore the input level when acting as input are high impedance when acting as outputs during hold 
state. Whether these signals are input or output depends on the соул and the point т the command sequence when HOLD# is 
asserted low. 


When НОГО returns high the next state is the same state {№ terface was in just before HOLD£ was asserted low. 


3.3.6 Single Input Cycle — Ho 


Several commands transfer information after th 
dual output, and quad output commands sen 
host keeps CS£ low, HOLD# high, апа Q 


Memory Transfer 


ruction on the single serial input (SI) signal from host to the memory device. The 
ress to the memory using only SI but return read data using the I/O signals. The 
as needed for the command. The memory does not drive the Serial Output (SO) 
signal. 


The expected next interface state dpiþads on the instruction. Some instructions continue sending address or data to the memory 
using additional Single Input C thers may transition to Single Latency, or directly to Single, Dual, or Quad Output. 


3.3.7 Single Latency (Dummy) Cycle 


Read commands may have zero to several latency cycles during which read data is read from the main flash memory array before 
transfer to the host. The number of latency cycles are determined by the instruction. During the latency cycles, the host keeps CS# 
low, апа HOLD£ high. The Write Protect (WP#) signal is ignored. The host may drive the SI signal during these cycles or the host 
may leave SI floating. The memory does not use any data driven on SI / 1/00 or other I/O signals during the latency cycles. In dual or 
quad read commands, the host must stop driving the І/О signals on the falling edge at the end of the last latency cycle. It is 
recommended that the host stop driving 1/О signals during latency cycles so that there is sufficient time for the host drivers to turn off 
before the memory begins to drive at the end of the latency cycles. This prevents driver conflict between host and memory when the 
signal direction changes. The memory does not drive the Serial Output (SO) or I/O signals during the latency cycles. 


The next interface state depends on the command structure i.e. the number of latency cycles, and whether the read is single, dual, 
or quad width. 
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3.3.8 Single Output Cycle — Memory to Host Transfer 
Several commands transfer information back to the host on the single Serial Output (SO) signal. The host keeps CS# low, and 


HOLD# high. The Write Protect (WP#) signal is ignored. The memory ignores the Serial Input (SI) signal. The memory drives SO 
with data. 


The next interface state continues to be Single Output Cycle until the host returns CS£ to high ending the command. 


3.3.9 Dual Input Cycle — Host to Memory Transfer 


The Read Dual I/O command transfers two address or mode bits to the memory in each cycle. The host keeps CS£ low, HOLD# 
high. The Write Protect (WP#) signal is ignored. The host drives address оп SI / IO0 and SO / IO1. 


The next interface state following the delivery of address and mode bits is a Dual Latency Cycle if there are latency cycles needed or 
Dual Output Cycle if no latency is required. 


3.3.10 Dual Latency (Dummy) Cycle NN 


Read commands may have zero to several latency cycles during which read data is read fron 
transfer to the host. The number of latency cycles are determined by the instruction. Duri 
low, and HOLD# high. The Write Protect (WP#) signal is ignored. The host may drive Q 
cycles or the host may leave 

SI / IO0 and SO / 101 floating. The memory does not use any data driven on SI / Nand SO / 101 during the latency cycles. The 
host must stop driving SI / 100 and SO / 101 on the falling edge at the end ps latency cycle. It is recommended that the host 


ain flash memory array before 


qé latency cycles, the host keeps CS# 
IO0 and SO / 101 signals during these 


stop driving them during all latency cycles so that there is sufficient time for ost drivers to turn off before the memory begins to 
drive at the end of the latency cycles. This prevents driver conflict between host and memory when the signal direction changes. Тһе 
memory does not drive the SI / IO0 and SO / 101 signals during the | cycles. 


The next interface state following the last latency cycle is a Dual O t Cycle. 


3.3.11 Dual Output Cycle — Memor йо Transfer 


The Read Dual Output and Read Dual I/O return data host two bits in each cycle. The host keeps CS# low, and HOLD# high. 
The Write Protect (WP#) signal is ignored. The me rives data on the SI / 100 and SO / IO1 signals during the dual output 
cycles. < 


The next interface state continues to be Dual обдл Cycle until the host returns CS£ to high ending the command. 


3.3.12 Quad Input Cycle Host to Memory Transfer 


The Read Quad ИО command tr: sfeys four address, mode, or data bits to the memory in each cycle. The host keeps CS# low, and 
drives the IO signals. 


For Read Quad І/О the next interface state following the delivery of address and mode bits is a Quad Latency Cycle if there are 
latency cycles needed or Quad Output Cycle if no latency is required. 


3.3.13 Quad Latency (Dummy) Cycle 


Read commands may have zero to several latency cycles during which read data is read from the main flash memory array before 
transfer to the host. The number of latency cycles are determined by the Latency Control in the Status Register-3 (SR3[3:0]). During 
the latency cycles, the host keeps CS# low. The host may drive the IO signals during these cycles or the host may leave the ІО 
floating. The memory does not use any data driven on IO during the latency cycles. The host must stop driving the IO signals on the 
falling edge at the end of the last latency cycle. It is recommended that the host stop driving them during all latency cycles so that 
there is sufficient time for the host drivers to turn off before the memory begins to drive at the end of the latency cycles. This prevents 
driver conflict between host and memory when the signal direction changes. The memory does not drive the IO signals during the 
latency cycles. 


The next interface state following the last latency cycle is a Quad Output Cycle. 
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3.3.14 Quad Output Cycle — Memory to Host Transfer 


The Read Quad Output and Read Quad І/О return data to the host four bits in each cycle. The host keeps CS£ low. The memory 
drives data on 100-103 signals during the Quad output cycles. 


The next interface state continues to be Quad Output Cycle until the host returns CS# to high ending the command. 


3.4 Status Register Effects on the Interface 


The Status Register-2, bit 1 (SR2[1]), selects whether Quad mode is enabled to ignore HOLD# and WP# and allow Read Quad 
Output, and Read Quad І/О commands. 


3.5 Data Protection 


Some basic protection against unintended changes to stored data are provided and controlled purely by the hardware design. These 
are described below. Other software managed protection methods are discussed in the software tion of this document. 


3.5.1 Low Power oe 
22 


When Vec is less than Vy, the memory device will ignore commands to ensure that p and erase operations can not start 
when the core supply voltage is out of the operating range. KS 


3.5.2 Power-Up © 


Program and erase operations continue to be prevented during the Pep to Write delay (tpuw) because no write command is 
accepted until after іы уу. 


3.5.3 Deep Power-Down (DPD) © 


In DPD mode the device responds only to the Resume fro command (RES ABh). All other commands are ignored during 
DPD mode, thereby protecting the memory from B SS erase operations. 


3.5.4 Clock Pulse Count & 


The device verifies that all program, erase, a ite Status Registers commands consist of a clock pulse count that is a multiple of 
eight before executing them. A потта aving a multiple of 8 clock pulse count is ignored апа no error status is set for the 


command. x 
O 


х 
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4. Electrical Characteristics 


4.1 Absolute Maximum Ratings 


Table 4. Absolute Maximum Ratings 


Parameters (1) Symbol Conditions Range Unit 
Supply Voltage Vcc —0.6 to +4.0 V 
Voltage Applied to any Pin Vio Relative to Ground —0.6 to *4.0 V 
Transient Voltage on any Pin Vior |«20ns Transient Relative to Ground —2.0 to 6.0 V 
Storage Temperature TsrG —65 to +150 °C 
Lead Temperature Ti EAD (2) °C 
Electrostatic Discharge Voltage VEsp Human Body Model (3) Җ. 0 to +2000 V 
Notes: 
1. This device has been designed and tested for the specified operation ranges. Proper operation outside of t| Is is not guaranteed. Exposure to absolute 

maximum ratings may affect device reliability. Exposure beyond absolute maximum ratings may cause pe nt damage. 


2. Compliant with JEDEC Standard J-STD-20C for small body Sn-Pb or Pb-free (Green) assembly and the European directive on restrictions on hazardous substances 
(RoHS) 2002/95/EU. 
3. JEDEC Std JESD22-A114A (С1-100 pF, R1=1500 ohms, R2=500 ohms). ҚЫ 


4.1.1 Input Signal Overshoot 


During DC conditions, input or I/O signals should remain equal to «o Vss and Vcc. During voltage transitions, inputs or I/Os 
may overshoot Vss to negative Vior or overshoot to pose periods up to 20 ns. 


Figure 15. "en Overshoot Waveform 


« < 20 ns 


< 20 ns 


V MEC s 


Figure 16. Maximum Positive Overshoot Waveform 


« 20ns 
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4.1.2 Latchup Characteristics 
Table 5. Latchup Specification 
Description Min Max Unit 
Input voltage with respect to Vss on all input only connections -1.0 Vec + 1.0 V 
Input voltage with respect to Vas on all I/O connections -1.0 Vcc + 1.0 V 
Vec Current —100 *100 mA 
Note: 
1. Excludes power supply Усс. Test conditions: Усс = 3.0%, one connection at a time tested, connections not being tested аге at Vss. 
4.2 Thermal Resistance <N 
| 59 
Table 6. Thermal Resistance 
Parameter Description SOA008 50С008 FAB024 Oem WSON Unit 
Thermal resistance KY ° 
Theta JA (junction to ambient) 75 75 ` 39 18 CAN 
4.3 Operating Ranges o 
Operating ranges define those limits between which function f the device is guaranteed. 
Table 7. Operating Ranges <? 
A Spec , 
Parameter Symbol Conditions - Unit 
Q Min Max 
. e Industrial -40 *85 
Ambient Temperature - °C 
Industrial Plus -40 +105 
Supply Voltage NS Industrial and Industrial Plus Temp 2.7 3.6 V 
Note: 


1. Усс voltage during read can operate across the тіп and max range but should not exceed + 1096 of the voltage used during programming or erase of the data being 


read. 
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4.4 DC Electrical Characteristics 
Table 8. DC Electrical Characteristics 
E š Max А 
Parameter Symbol Conditions Min Typ Unit 
-40 to 85°С -40 to 105°C 
Input Leakage ІН +2 HA 
МО Leakage lio +2 pA 
CS#= Vcc: Мм = 
Standby Current lcc1 GND or Vec 15 25 25 НА 
Deep Power-Down Current CS# = Vcc, Vin = 
(S25FL116K) IcC2.— |GND or Vac Š i > HA 
Deep Power-Down Current CS# = Vcc, Vin = 
(S25FL132K / S25FL164K) lcc2 = [GND or Vcc 2 RS 10 HA 
ў SCK = 0.1 Усс / k 
Current: Read Single / Dual / cc 9 
lcc3 (0.9 Vex 41516 67.519 6/7.5/9 mA 
Quad 1 MHz (4.4.1) SO = Open @ 
А SCK = 0.1 Vcc! 
Current: Read Single / Dual / cc 
Іссз 10.9 Vece 6/7 9/10.5/ 12 9/10.5 / 12 mA 
Quad 33 MHz (4.4.1) SO = Open Q 
| SCK = 0.1 Усс / > 
Current: Read Single / Dual / cc 
Іссз 10.9 Усс 71819 10/12 / 13.5 10/12 / 13.5 mA 
Quad 50 MHz (4.4.1) SO - Open <Ç 
А SCK = 0.1 Vcc! 
Current: Read Single / Dual / ce à 12/141 
Іссз 10.9 Voc 18/22/25 18/22/25 mA 
Quad 108 MHz (4.4.1) SO = Open од 16 
Current: Write Status Registers loca |С$# = Voc о; 8 12 12 mA 
Current Page Program lecs |С5Я-М 20 25 25 mA 
Current Sector / Block Erase Іссе |С5# C 20 25 25 mA 
Current Chip Erase lccz Voc 20 25 25 mA 
Input Low Voltage (S25FL116K)| М ©) -0.5 Vcc x 0.2 Vcc x 0.2 V 
Input Low Voltage < 
(S25FL132K | S25FL164K) NL dm Vcc x 0.3 Voc x 0.3 y 
Input High Voltage Sa. Уссх0.7 Voc + 0.4 Vec + 0.4 V 
lo, = 100 pA V 0.2 0.2 V 
Output Low Voltage VoL 26 Е = 
lo =1.6 mA Vss 0.4 0.4 
Output High Voltage Мон lon = —100 HA Vcc-0.2 Vcc Vcc V 


Notes: 


1. Tested on sample basis and specified through design and characterization data. T4 = 25°С, Vcc = 3V. 


4.4.1 


Active Power and Standby Power Modes 


The device is enabled and in the Active Power mode when Chip Select (CS£) is Low. When CS£ is high, the device is disabled, but 
may still be in an Active Power mode until all program, erase, and write operations have completed. The device then goes into the 
Standby Power mode, and power consumption drops to Isp. 
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4.5 AC Measurement Conditions 


Figure 17. Test Setup 


Table 9. AC Measurement Conditions 


Symbol Parameter Min Max Unit 
CL Load Capacitance 30 pF 
Input Rise and Fall y S. 
TR, TF т E ns 
Input Pulse Voltage 0.2 x Vcc to 0.8 V 
Input Timing Ref Voltage 0.5 Vooy V 
Output Timing Ref 
Voltage d ы 
Notes: 5 
1. Output High-Z is defined as the point where data is no longer driven. «О 


2. Input slew rate: 1.5 V/ns. 
3. AC characteristics tables assume clock and data signals have the same vet Р, 


Figure 18. Input, og and Timing Reference Levels 


Input Levels Output Levels 
Voc + 0.4V Усс 
0.7 X Усс \ 


С) Voc - 0.2V 


0.5x Voc - Q- Timing Reference Level В 


x 


0.3x «АО \ 0.2V to 0.4V 
-0.5 Vss 


4.5.1 Capacitance Characteristics 


Table 10. Capacitance 


Parameter Test Conditions Min Max Unit 
Сім Input Capacitance (applies to SCK, CS#) 1 MHz 8 pF 
Соот Output Capacitance (applies to All 1/0) 1 MHz 8 pF 


Notes: 
1. Sampled, not 100% tested. 


2. Test conditions TA = 25°C, f = 1.0 MHz. 
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4.6 Power-Up Timing 


Table 11. Power-Up Timing and Voltage Levels 


S25FL116K/S25FL132K/S25FL164K 


Spec р 
Parameter Symbol = Unit 
Min Max 
Vec (min) to CS# Low tvsL 10 ТЕ 
Power-Up to Write — Time Delay Before Write Command былу 10 ms 
Write Inhibit Threshold Voltage Vwi 2.4 V 
Power-Down Time tpp 10.0 us 
Vcc Power-Down Reset Threshold Voltage Vcc Low 1.0 V 


Note: 
1. These parameters are characterized only. 


Ус А 


VCC (max) 


VCC (min) 


Vwi 


Device is fully 
accessible 


Time 


No Device Access Allowed 


> 
Device Read 
Allowed 
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4.7 Power-On (Cold) Reset 


S25FL116K/S25FL132K/S25FL164K 


The device executes a Power-On Reset (POR) process until a time delay of tpyy has elapsed after the moment that Vcc rises 
above the Vwi threshold. See Figure 19 on page 24, Figure 20 on page 24, and Table on page 24. The device must not be selected 


(CS# to go high with Vcc) until after (tys ), і.е. no commands may be sent to the device until the end of уе. 


4.8 AC Electrical Characteristics 
Table 12. AC Electrical Characteristics: -40°C to +85°C/105°C at 2.7V to 3.6V 

Description Symbol Alt - эрсе Unit 

Min Typ Max 

Clock frequency for all SPI commands except for 
ы tel (03h) and Fast Read Ев fc D.C. Q 108 MHz 
2.7 V - 3.6V Voc ç © 
Clock frequency for Read Data command (03h) fR D.C. > 50 MHz 
е for all Fast Read commands SIO fen D. 108 MHz 
Clock Period Psck 5 ns 
Clock High, Low Time for Гер, ісін, tei (1) | ten, © 3.3 ns 
Clock High, Low Time for Fg сін, tet (1) | tote 4.3 ns 
Clock High, Low Time for fg Свин, tere (1 cum 6 ns 
Clock Rise Time tci cH да? tcRT 0.1 Vins 
Clock Fall Time існс e tort 0.1 Vins 
CS# Active Setup Time relative to SCK ise tess 5 ns 
CS# Not Active Hold Time relative to SCK CHSL ісен 5 ns 
Data In Setup Time ES tpvcH tsu 2 ns 
Data In Hold Time tcHDX tup 5 ns 
С5# Active Hold Time relative to SCK с? існен tcss 5 ns 
CS# Not Active Setup Time relative to 59 tsHcH ісен 5 ns 
CS# High Time іс 10 ns 
CS# Deselect Time (for Array ышы Read) tsHsL1 с 7 ns 
CS# Deselect Time (for Erase or Program -> Read 40 
Status Registers) tsHSL2 tcs2 ns 
Volatile Status Register Write Time 40 
4. n" Erase or Program -> uci tes3 130 is 
Output Disable Time tsHoz (2) tpis ns 
Clock Low to Output Valid, 30 pF, 2.7V - 3.6V tcLev1 ty4 ns 
Clock Low to Output Valid, 15 pF, 2.7V - 3.6V {с ом tv1 ns 
Clock Low to Output Valid (for Read ID commands) t t 8.5 hš 
2.7V - 3.6V cLav2 v2 ` 
Output Hold Time tcLax tuo 2 ns 
HOLD# Active Setup Time relative to SCK tui cH 5 ns 
HOLD# Active Hold Time relative to SCK tcHHH 5 ns 
HOLD# Not Active Setup Time relative to SCK tuHCH 5 ns 
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S25FL116K/S25FL132K/S25FL164K 


Table 12. AC Electrical Characteristics: -40°C to +85°C/105°C at 2.7V to 3.6V (Continued) 


єт (2) 


Description Symbol Alt - арс Unit 
Min Typ Max 

HOLD# Not Active Hold Time relative to SCK існні. 5 ns 
HOLD# to Output Low-Z їннох (2) (2 ns 
HOLD# to Output High-Z tui oz (2) tuz 12 ns 
Write Protect Setup Time Before CS# Low twus (3) twps 20 ns 
Write Protect Hold Time After CS# High ным (3) twPH 100 ns 
CS# High to Power-down Mode tpp (2) 3 Hs 
рашы ш Mode without Electronic tres4 (2) 3 us 
21 d Mode with Electronic taEs2 (2) | e 18 us 
CS# High to next Command after Suspend tsus (2) ©; 20 Hus 
Write Status Registers Time tw Or 2 30 (6) ms 
Byte Program Time (First Byte) (4)(5) tgp4 к 15 50 ТЕ; 
ТТЫ ДЫ Byte Program Time (After First Byte) ТЕР A 25 12 us 
Page Program Time (105%С) (5) tpp 5 0.7 3 ms 
Sector Erase Time (4 kB) (5) tsE «so 50 450 ms 
Block Erase Time (64 kB) (5) ВЕ? ES 500 2000 ms 
Chip Erase Time 16 Mb / 32 Mb / 64 Mb (5) t A 11.2 / 32 164 |64 / 128/256 S 
End of Reset Instruction to CE# High t (2) 40 ns 
CE# High to next Instruction after Reset 1.5 Hs 


Notes: 
1. Clock high + Clock low must be less than or equal to 1/ 


Value guaranteed by design and / or characterizatio 
. Only applicable as a constraint for a Write Stati 


о сл А ом 


. For 10K Cycles. 85 ms at 100K cyclés: 


S 


0096 tested in production. 

ters command when Status Register Protect О (SRPO) bit is set to 1. Or WPSEL bit = 1. 
. For multiple bytes after first byte within a page, інім = tgp; + tgp2 * М (typical) and tgpy = tgp; + tgp2 * N (max), where М = number of bytes programmed. 
. All program and erase times are tested, Vanor data pattern. 


4.8.1 Clock Timing 
Figure 21. Clock Timing 
Psck 
tcH 
<a _ BB 
ViHmin _ _ 
Усс/2 - | 
Уш max — 4 
<> 
ісвт tcrr 
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4.8.2 Input / Output Timing 


Figure 22. SPI Single Bit Input Timing 


a 


ee SEEN 
icss —| | 1. m 
— jJ її уум Ooo o 


tsu 
to — 
T IN | 15ВІМ | ІМ 


CS# 


Figure 23. SPI Single Bit Output =” 


29 Figure 24. SPI MIO Timing 


о — C13) NUN CONCI NEN (CIUS 
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Figure 25. Hold Timing 


HOLD# ) 


Hold Condition 
Standard Use 


Hold Condition 
Non-standard Use 


SI or IO (during input) БЕ) ) 


SO or IO (during ори) —— V ( А X Bj вл c) 0 ДЕ 


Figure 26. WP# Input Timing ор 


a 27. Software Reset Input Timing 
<< 
O tcs2 өзі — 
cr MO WV 
век \ЛЛАЛЛАЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛУ\ЛЛҮ\Л/_ 


tRCH 


ses aso ое 6582 o ii ii 


Document Number: 002-00497 Rev. *H Page 28 of 90 


Sa CYPRESS S25FL116K/S25FL132K/S25FL164K 


[a EMBEDDED IN TOMORROW 


5. Physical Interface 


5.1 Connection Diagrams 


5.1.1 SOIC 8 
Figure 28. 8-Pin Plastic Small Outline Package (SO) 
CS# [|] 1® 8[ ] Vcc 
So/o1 Д 2 т | 1HOLD£/O3 
WP4/IO2 Г 3 в] ск ес 
© 
Vss Ц 4 5| | 61/00 ор 
5.1.2 SOIC 16 — S25FL164K сї 
Figure 29. 16-Pin Plastic Small ine Package (SO) 
HOLD#/103 [ ] 1 16 | ] SCK 
15 L 1 $/00 
14 || DNU 
13 | |DNU 
С) DNU 12 [ ]bNu 
Q © 11 | [омо 
© CS# 10 [_]Vss 
S : SO/IO1 9| ]wP#/IO2 
5.1.3 WSON 8 


Figure 30. 8-Contact WSON (5 mm x 6 mm) Package / 8-Contact USON (4 mm x 4 mm) Package 


css [^1 8C] vcc 


SO/IO1 [D2 7 C] HOLD#/103 
wPs/o2 | 53 6 C] scx 
vss [D4 5C] siioo 
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5.1.4 ҒАВ024 24-Ball BGA 


Figure 31. 24-Ball BGA Package, 5x5 Ball Configuration, Top View 


Pid ~- 


NC REU NC 


Й 
4.” “4... Ы 


vss \сс АС 


D 
` , ` ` 


RFU WP#IO2 NC 


` ` ` 
ФО ЖЕ CDS: 4 


DNU  SO/IO1 5/00 HOLD&/IO3 NC 


5% 
5.1.5 ҒАС024 24-Ball BGA Package 


Figure 32. 24-Ball BGA Package, ed ba Configuration, Top View 
4 


1 7 ИЕ 
% = 


Als On Б 


NC 


О SCK vss vec 


Q- RFU  WP4/IO2 


` 


RFU 


Note: 
1. Signal connections are in the same relative positions as FABO24 BGA, allowing a single PCB footprint to use either package. 


5.1.6 Special Handling Instructions for FBGA Packages 


Flash memory devices in BGA packages may be damaged if exposed to ultrasonic cleaning methods. The package and / or data 
integrity may be compromised if the package body is exposed to temperatures above 150*C for prolonged periods of time. 
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5.2 Physical Diagrams 


5.2.1 


S25FL116K/S25FL132K/S25FL164K 


SOAO008 — 8-Lead Plastic Small Outline Package (150-mils Body Width) 


DETAIL B 


DIMENSIONS 
SYMBOL 


4.90 BSC 
6.00 BSC 


3.90 BSC 


1.27 BSC 


С[А-В] 2x 
(0! 
ма [Е] 
E1 | 
[3] 
2х [СУ[0Л0[С[0][ ьм 1 | 
A INDEX AREA: | 
(0/2 x E1/2 O|0.20| c 
||, 
[B- LAY |б0.25 Qic|a-s[p 
с 
56.16] С 
SEATING PLANE 
Т 


cl 


BASE METAL 


SECTION А-А 


NOTES: 


1. ALL DIMENSIONS ARE IN MILLIMETERS. 
2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M - 1994. 


A DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS. 
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER 
END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION. 
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE. 

D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H. 

AN THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS 
D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY 
EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD 
FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF 
THE PLASTIC BODY. 

А DATUMS A AND B ТО BE DETERMINED AT DATUM Н. 

6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED 
PACKAGE LENGTH. 

А THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO 
0.25 mm FROM THE LEAD TIP. 

A DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT 
MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE 
LOWER RADIUS OF THE LEAD FOOT. 


A THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN A PIN 1 


IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED. 


10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE 
SEATING PLANE. 
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S25FL116K/S25FL132K/S25FL164K 


5.2.2 SOC008 — 8-Lead Plastic Small Outline Package (208-mils Body Width) 


АА 


Із) 


жа (<0.20|С|А-В | 2X 


[E172] 


2X |C30.10|C| D 


AN PIN 1 INDEX AREA 
(0.250 x 0.75E1) 


ү т. SEATING PLANE 
А 


<\0.10[С 


WITH PLATING 
0.07 R MIN. 


GAUGE PLANE 


DETAIL B 


г SEATING PLANE 5 
e ES «©. METAL 


Ò SECTION А-А 


SYMBOL 


DIMENSIONS 


S: 


A 


. - ALL DIMENSIONS ARE IN MILLIMETERS. 
2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M - 1994. 


А DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS ОК GATE BURRS. 


MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER 
END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION. 
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE. 


D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H. 


ÁN THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS 
D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY 


EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD 


5.28 BSC 
8.00 BSC 
5.28 BSC 
1.27 BSC 


FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF 
THE PLASTIC BODY. 
A DATUMS A AND B TO BE DETERMINED AT DATUM H. 
6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED 
PACKAGE LENGTH. 
A THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO 
0.25 mm FROM THE LEAD TIP. 


A DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT 


1.36 REF 


MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE 


0.25 BSC 


LOWER RADIUS OF THE LEAD FOOT. 
A THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN A PIN 1 


8 


IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED. 


0% 


" 10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE 
8 SEATING PLANE. 


5° 


15° 


0-8° НЕЕ 


mE PACKAGE OUTLINE, 8 LEAD SOIC 
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5.2.3 


S25FL116K/S25FL132K/S25FL164K 


SO3016 — 16-Lead Plastic Wide Outline Package (300-mils Body Width) 


0.20|C | А-В 


[010 


0.33 |С 


0.10}C 


GAUGE PLANE 


cl 


DETAIL B 


DIMENSIONS 
SYMBOL 


A 
A1 


Nz 
с 
z "XO METAL | 


SECTION А-А 


es 


LL DIMENSIONS ARE IN MILLIMETERS. 
. DIMENSIONING AND TOLERANCING PER ASME Ү14.5М - 1994. 

А DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS ОК GATE BURRS. 
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER 
END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION. 
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE. 

D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H. 

AN THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS 
D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY 
EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD 
FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF 
THE PLASTIC BODY. 


A DATUMS A AND B TO BE DETERMINED AT DATUM H. 


10.30 BSC 
10.30 BSC 


6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED 
PACKAGE LENGTH. 


7.50 BSC 


1.27 BSC 
0.40 = 
1.40 КЕЕ 


0.25 BSC 
16 
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А THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO 
0.25 mm FROM THE LEAD TIP. 

A DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT 
MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE 
LOWER RADIUS OF THE LEAD FOOT. 

A THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN A PIN 1 
IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED. 

10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE 

SEATING PLANE. 
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S25FL116K/S25FL132K/S25FL164K 


WNDOO08 — 8-Contact WSON 5 mm x 6 mm 
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S25FL116K/S25FL132K/S25FL164K 


UNFOOS — 8-Contact USON 4 mm x 4 mm 
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Software Interface 


This section discusses the features and behaviors most relevant to host system software that interacts with S25FL1-K memory 
devices. 


6. Address Space Maps 


6.1 Overview 

Many commands operate on the main flash memory array. Some commands operate on address spaces separate from the main 
flash array. Each separate address space uses the full 24-bit address but may only define a small portion of the available address 
Space. 


6.2 Flash Memory Array 2 S 
The main flash array is divided into erase units called sectors. The sectors are uniform 4 kb о 
Table 13. S25FL116K Мат Memory Address Мар ce 
Sector Size (kbyte) Sector Count Sector Range ARE Notes 
SAO S 000000h-000FFFh | Sector Starting Address 
4 512 š e : = 
SABI 1FFOOOh-1FFFFFh Sector Ending Address 


"i 


Table 14. S25FL132K Main Memory Address Map < 


қ Address Range 
Sector Size (kbyte) Sector Count < Sector Range (Byte Address) Notes 
N SAO 000000h-000FFFh | Sector Starting Address 
4 1024 | : — 
Q= SA1023 3FF000h-3FFFFFh Sector Ending Address 
Table 15. S25FL164K Main M ry Address Map 
Sector Size (kbyte) Sector Count Sector Range EPIS kenge Notes 
(Byte Address) 
SAO 000000h-000FFFh | Sector Starting Address 
4 2048 : : — 
SA2047 7FFOOOh-7FFFFFh | Sector Ending Address 


Note: These are condensed tables that use a couple of sectors as references. There are address ranges that are not explicitly listed. 
АІ 4-kB sectors have the pattern XXX000h-XXXFFFh. 
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6.3 Security Registers 


The S25FL1-K provides four 256-byte Security Registers. Each register can be used to store information that can be permanently 
protected by programming One Time Programmable (OTP) lock bits in Status Register-2. 


Register 0 is used by Cypress to store and protect the Serial Flash Discoverable Parameters (SFDP) information that is also 
accessed by the Read SFDP command. See Section 6.4. 


The three additional Security Registers can be erased, programmed, and protected individually. These registers may be used by 
system manufacturers to store and permanently protect security or other important information separate from the main memory 
агау. 


Table 16. Security Register Addresses 


Security Register Address 
0 (SFDP) 000000h - 0000FF 


1 001 - 0010FF 
2 5 h - 0020FF 
3 3000h - 0030FF 


6.4 Security Register 0 — Serial Flash Discoverable Parameters 
(SFDP — ЈЕРЕС JESD216B) S 


This document defines the Serial Flash Discoverable Parameters (SFDP «ем ion B data structure for S25FL 1-K family. 


These data structure values are an update to the earlier revision SED a structure in the S25FL 1-K family devices. 


The Read SFDP (RSFDP) command (5Ah) reads information x parate flash memory address space for device identification, 
feature, and configuration information, in accord with the JED SD216B standard for Serial Flash Discoverable Parameters. 


The SFDP data structure consists of a header table that ideRtifies the revision of the JESD216 header format that is supported and 


provides a revision number and pointer for each of the parameter tables that are provided. The parameter tables follow the 
SFDP header. However, the parameter tables may b ced in any physical location and order within the SFDP address space. 
The tables are not necessarily adjacent nor in the order as their header table entries. 


The SFDP header points to the following param tables: 
W Basic Flash Q 

— This is the original SFDP table,It has a few modified fields and new additional field added at the end of the table. 
W Sector Map © 

— This is the original SFDP tàble. It has a few modified fields and new additional field added at the end of the table. 


The physical order of the tables in the SFDP address space is: SFDP Header, Cypress Vendor Specific, Basic Flash, and Sector 
Map. 


The SFDP address space is programmed by Cypress and read-only for the host system. 
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6.4.1 Serial Flash Discoverable Parameters (SFDP) Address Map 


The SFDP address space has a header starting at address zero that identifies the SFDP data structure and provides a pointer to 
each parameter. One Basic Flash parameter is mandated by the JEDEC JESD216B standard. 


Table 17. SFDP Overview Map — Security Register 0 


Byte Address Description 
0000h Location zero within JEDEC JESD216B SFDP space - start of SFDP header 
T Remainder of SFDP header followed by undefined space 
0080h Start of SFDP parameter 
T Remainder of SFDP JEDEC parameter followed by undefined space 
OOBFh End of SFDP space 
00СОһ to 00F7h Reserved space <N 
OOF8h to OOFFh |Unique Id 29 


© 
6.4.2 SFDP Header Field Definitions © 
© 


Table 18. SFDP Header SS 


SFDP Byte | SFDP Dword 5 гаи 
Address Naim Data «О Description 
This is the entry t for Read SFDP (5Ah) command i.e. location zero within 
00h 53h SFDP о 
SFDP Header — - - 

01h 1st DWORD 46h ASCII “ 

02h 44h AS : 

03h 50h = “P 

С) FDP Minor Revision (06h - JEDEC JESD216 Revision В) 


о — This revision is backward compatible with all prior minor revisions. Minor 
Q- revisions are changes that define previously reserved fields, add fields to the end, 
x or that clarify definitions of existing fields. Increments of the minor revision value 
Фо indicate that previously reserved parameter fields тау have been assigned а new 


definition or entire Dwords may have been added to the parameter table. 
However, the definition of previously existing fields is unchanged and therefore 


n om remain backward compatible with earlier SFDP parameter table revisions. 
Software can safely ignore increments of the minor revision number, as long as 
SFDP Header only those parameters the software was designed to support are used i.e. 
2nd DWORD previously reserved fields and additional Dwords must be masked or ignored. Do 


not do a simple compare on the minor revision number, looking only for a match 
with the revision number that the software is designed to handle. There is no 
problem with using a higher number minor revision. 


SFDP Major Revision 
05h 01h — This is the original major revision. This major revision is compatible with all 
SFDP reading and parsing software. 


06h 03h Number of Parameter Headers (zero based, 03h = 4 parameters) 
07h FFh Unused 
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Table 18. SFDP Header (Continued) 
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SFDP Byte | SFDP Dword nr 
Address Name Data Description 
08h 00h Parameter ID LSB (00h - JEDEC SFDP Basic SPI Flash Parameter) 
Parameter Minor Revision (00h - JESD216) 
— This older revision parameter header is provided for any legacy SFDP reading 
09h 00h and parsing software that requires seeing a minor revision 0 parameter header. 
Parameter SFDP software designed to handle later minor revisions should continue reading 
Header parameter headers looking for a higher numbered minor revision that contains 
0 additional parameters for that software revision. 
1st DWORD - = m : = 
Parameter Major Revision (01h = The original major revision - all SFDP software 
OAh 01h | { : А : " 
is compatible with this major revision. 
Parameter Table Length (in double words - Dwords - 4-byte units) 09h - 9 
OBh 09h 
Dwords 
OCh 80h Parameter Table Pointer Byte 0 (Dword = ligned) 
Parameter JEDEC Basic SPI Flash parameter byte t - 80h 
орһ Í 00h Parameter Table Pointer Byte 1 
OEh 2nd DWORD 00h Parameter Table Pointer Byte 2 
OFh FFh Parameter ID MSB (FFh EC defined legacy Parameter ID) 
10h EFh Parameter ID LSB ur d inbond Legacy SPI Flash Parameter) 
Parameter Minor КӘ? (00h = JESD216) 
— This older revisi&n parameter header is provided for any legacy SFDP reading 
44h 00h and parsing so that requires seeing a minor revision 0 parameter header. 
Parameter SFDP softw signed to handle later minor revisions should continue reading 
- dd paramete ers looking for a later minor revision that contains additional 
arametéfs: 
1st DWORD E © - — — - — 
Par ter Major Revision (01h = The original major revision — all SFDP software 
12h 01h В . . : 2 22 
i patible with this major revision. 
13h 04h С) rameter Table Length (in double words = Dwords = 4-byte units) 04h = 4 
Dwords 
44h a Parameter Table Pointer Byte 0 (Dword = 4-byte aligned) 
Parameter xX JEDEC Basic SPI Flash parameter byte offset = 0080h address 
15h ui dad à Soon Parameter Table Pointer Byte 1 
16h 2nd DWORD 00h Parameter Table Pointer Byte 2 
17h FFh Parameter ID MSB (FFh - JEDEC defined Parameter) 
18h 00h Parameter ID LSB (00h - JEDEC SFDP Basic SPI Flash Parameter) 
19h Parameter 06h Parameter Minor Revision (06h = JESD216 Revision В) 
Header Parameter Major Revision (01h = The original major revision - all SFDP software 
1Ah 2 01h : ; Я : : " 
is compatible with this major revision. 
ISUBNIDRD Parameter Table Length (in double words = Dwords = 4-byte units) 10h = 16 
1Bh 10h 
Dwords 
1Ch 80h Parameter Table Pointer Byte 0 (Dword - 4-byte aligned) 
Parameter JEDEC Basic SPI Flash parameter byte offset - 0080h address 
1Dh cad 00h Parameter Table Pointer Byte 1 
1Eh 2nd DWORD 00h Parameter Table Pointer Byte 2 
1Fh FFh Parameter ID MSB (FFh - JEDEC defined Parameter) 
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Table 18. SFDP Header (Continued) 
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SFDP Byte | SFDP Dword 2 
Address Name Data Description 

20h 01h Parameter ID LSB (Cypress Vendor Specific ID parameter) 
Legacy Manufacturer ID 01h = AMD / Cypress 

21h jobs 01h Parameter Minor Revision (01h = ID updated with SFDP Rev B table) 

eader 
3 Parameter Major Revision (01h = The original major revision - all SFDP software 
22h 01h 5 : ; : : : : : En 
1st DWORD that recognizes this parameter's ID is compatible with this major revision. 

Parameter Table Length (in double words = Dwords = 4-byte units) 00һ not 

23h 00h с 
implemented 

24h 00h Parameter Table Pointer Byte 0 (Dword - 4-byte aligned) 

Parameter 

25h Header 00h Parameter Table Pointer Byte 1 

26h 3 00h Parameter Table Pointer Byte 2 <N 

27h ЫНА 01һ Parameter ID MSB (01h = JEDEC жет BON 1) 

6.4.3 


Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B 


JEDEC SFDP Basic SPI Flash Parameter — 


SFDP Parameter 
Relative Byte 


SFDP Dword Name 


Data Ф Description 


Address 
of SFDP JEDEC parameter 
ts 7:5 = unused = 111b 
Bit 4:3 - 05h is volatile status register write instruction and status register 
00h E5 Е 2m 
is default non-volatile= 000 
Q Bit 2 = Program Buffer > 64 bytes = 1 
С Bits 1:0 = Uniform 4-КВ erase is supported through out the device = 01b 
01h Qs 20h Bits 15:8 = Uniform 4-kB erase instruction = 20h 
x Bit 23 = Unused = 1b 
: Bit 22 = Supports QOR Read (1-1-4), Yes = 1b 
2. Bit 21 = Supports QIO Read (1-4-4), Yes =1b 
Bit 20 = Supports DIO Read (1-2-2), Yes = 1b 
Bit19 = Supports DDR, No= 0 b 
02h F1h Bit 18:17 - Number of Address Bytes 3 only - 00b 
Bit 16 = Supports SIO and DIO Yes = 1b 
Binary Field: 1-1-1-1-0-00-1 
Nibble Format: 1111 0001 
Hex Format: F1 
03h FFh Bits 31:24 = Unused = FFh 
04h FFh 
05h FFh Density in bits, zero based, 
06h JEDEC Basic Flash FFh 16 Mb = OOFFFFFFh 
Parameter Dword-2 00h 16Mb E ie Б 2. 
07h 01h 32Mb 7 
03h 64Mb 
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued) 


SFDP Parameter 
Relative Byte SFDP Dword Name Data Description 
Address 
Bits 7:5 - number of QIO (1-4-4)Mode cycles - 010b 
08h 44h Bits 4:0 = number of Fast Read QIO Dummy cycles = 00100b for default 
latency code 
09h JEDEC Basic Flash EBh Fast Read QIO (1-4-4)instruction code 
Parameter Dword-3 Bits 23:21 - number of Quad Out (1-1-4) Mode cycles - 000b 
0Ah 08h Bits 20:16 - number of Quad Out Dummy cycles - 010000 for default 
latency code 
OBh 6Bh Quad Out (1-1-4)instruction code 
Bits 7:5 = number of Dual Out (1-1-2)Mode cycles = 000b 
OCh 08h Bits 4:0 - number of Dual Out Питт les = 010000 for default 
latency code . 
| — — N 
оон JEDEC Basic Flash 3Bh [Dual Out (1-1-2) instruction code 2 
Parameter Dword-4 Bits 23:21 - number of те cycles = 100b 
OEh 80h Bits 20:16 - number of Dua Dummy cycles - 00000b for default 
latency code К 
OFh BBh Dual I/O instruction 
Bits 7:5 RFU ES 
40h EEh Bit 4 = ОР! ) fast read commands not supported - Ob 
Bits 3:1 RF 11b 
JEDEC Basic Flash Bit 0 = All not supported = Ob 
11h Parameter Dword-5 FFh Bit = RFU = РЕБ 
12h FFh 15\23:16 = RFU = FFh 
13h FFh СӨ 31:24 = RFU = FFh 
14h FE Bits 7:0 = RFU = FFh 
15h . Bits 15:8 = RFU = FFh 
JEDEC Basic Flash © - 
16h Parameter Dword- FFh Bits 23:21 " number of Dual All Mode cycles = 111b 
Bits 20:16 = number of Dual All Dummy cycles = 11111b 
17h x< FFh Dual All instruction code 
18h S? FFh Bits 7:0 = RFU = FFh 
19h FFh Bits 15:8 = RFU = FFh 
JEDEC Basic Flash Bits 23:21 = number of QPI Mode cycles = 111b not supported 
1Ah Parameter Dword-7 FFh Bits 20:16 = number of QPI Dummy cycles = 11111b for default latency 
code 
1Bh FFh QPI instruction code “Not supported FF” 
1Ch 0Ch Sector type 1 size 2" Bytes = 4 kB = OCh (for Uniform 4 kB) 
1Dh JEDEC Basic Flash 20h Sector type 1 instruction 
1Eh Parameter Dword-8 10h Sector type 2 size 2" Bytes = 64 kB = OFh (for Uniform 64 kB) 
1Fh D8h Sector type 2 instruction 
20h 00h Sector type 3 size 2" Bytes - not supported - 00h 
21h JEDEC Basic Flash FFh Sector type 3 instruction - not supported - FFh 
22h Parameter Dword-9 00h Sector type 4 size 2" Bytes - not supported - 00h 
23h FFh Sector type 4 instruction = not supported = FFh 
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued) 


SFDP Parameter 
Relative Byte SFDP Dword Name Data Description 
Address 
Bits 31:30 - Sector Type 4 Erase, Typical time units (00b: 1 ms, 01b: 16 
ms, 10b: 128 ms, 11b: 1 s) = RFU = 11b 
Bits 29:25 = Sector Type 4 Erase, Typical time count = RFU = 11111b (typ 
erase time = (count +1) * units) = RFU 211111 
Bits 24:23 - Sector Type 3 Erase, Typical time units (00b: 1 ms, 01b: 16 
ms, 10b: 128 ms, 11b: 1 s) = RFU = 11b 
Bits 22:18 = Sector Type 3 Erase, Typical time count = 00100b (typ erase 
time = (count +1) * units) = RFU =11111 
Bits 17:16 - Sector Type 2 Erase, Typical time units (00b: 1 ms, 01b: 16 
ms, 10b: 128 ms, 11b: 1 $) = 16 ms = 01b 
. Bits 15:11 = Sector Type 2 Erase, Typical time count = 11110b (typ erase 
24h JEDEC Basic Flash 42h time = (count +1) * units) = 31*16 ms 3496 ms 
Parameter Dword-10 Bits 10:9 - Sector Type 1 Erase, Ty time units (00b: 1 ms, 01b: 16 
ms, 10b: 128 ms, 11b: 1 s) = 16 
Bits 8:4 - Sector Type 1 Erase са time count = 001006 (typ erase 
time = (count +1) * units) - чен = 80 ms 
Bits 3:0 = Count = (Max EraSe’time / (2 * Typical Erase time))- 1 = 0010b 
Multiplier from typical time to maximum erase time - 6x multiplier 
Max Erase time = S *1)*Typ Erase time 
Binary Fields: NS 111-11-11111-01-11110-01-00100-0010 
Nibble For 11 1111 1111 1101 1111 0010 0100 0010 
Hex Format: FF FD F2 42 
25h F2h ©) 
26h FDh © 
27h FFh 
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued) 


SFDP Parameter 
Relative Byte 
Address 


SFDP Dword Name 


Data 


Description 


28h 


29h 


2Ah 


2Bh 


81h 


6Ah 


JEDEC Basic Flash 
Parameter Dword-11 


14h 


Bits 23 = Byte Program Typical time, additional byte units (0b:1 us, 1b:8 
HS) = 1 us = Ob 

Bits 22:19 - Byte Program Typical time, additional byte count, 
(count+1)*units, count = 00106, (typ Program time = (count +1) * units) = 
3*1 us =3 us 

Bits 18 = Byte Program Typical time, first byte units (06:1 us, 1b:8 us) = 8 
us = 1b 

Bits 17:14 = Byte Program Typical time, first byte count, (count+1)*units, 
count = 00016, (typ Program time = (count +1) * units) = 2*8 us = 16 us 
Bits 13 = Page Program Typical time units (0b:8 us, 1b:64 us) = 64 us = 
1b 

Bits 12:8 - Page Program Typical tim nt, (count+1)*units, count = 
01010b, (typ Program time - (сои. units) = 11*64 us = 704 us 
Bits 7:4 = М- 1000b, Page siz ON 56B page 

Bits 3:0 = ea = 0001b age Program time / (2 * Typ Page 
Program time)) [e 

Multiplier from ae P og 

time = 4x multiplier 

Max Page Progra = 2*(Count +1)*Typ Page Program time 


Binary Fields; Q(Q010-1-0001-1-01010-1000-0001 
Nibble Fon 001 0100 0110 1010 1000 0001 


4 6A 81 


ram time to maximum Page Program 


< 


d 


2h 16Mb 
C7h 32Mb 
CFh 64Mb 


1100 0010b = C2h 

eserved - 1b 

0:29 - Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms, 
b: 4 s, 11b: 64 s) = 4$ = 10b 

Bits 28:24 = Chip Erase, Typical time count, (count+1)*units, count = 
00010b, (typ Program time = (count *1) * units) = 3*4s = 125 


32 Mb = 1100 01115- C7h 

Bit 31 Reserved - 1b 

Bits 30:29 - Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms, 
10b: 4 s, 11b: 64 s) = 4s = 10b 

Bits 28:24 = Chip Erase, Typical time count, (count+1)*units, count = 
001116, (typ Program time = (count +1) * units) = 8:45 = 32s 


64 Mb = 1100 1111b = CFh 

Bit 31 Reserved - 1b 

Bits 30:29 - Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms, 
10b: 4 s, 11b: 64 $) = 4$ = 10b 

Bits 28:24 = Chip Erase, Typical time count, (count+1)*units, count = 
01111b, (typ Program time = (count +1) * units) = 16*4S = 645 
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued) 


SFDP Parameter 


Relative Byte SFDP Dword Name Data Description 
Address 

2Ch CCh Bit 31 - Suspend and Resume supported - Ob 

2Dh 63h Bits 30:29 - Suspend in-progress erase max latency units (00b: 128ns, 
01b: 1us, 10b: 8 us, 11b: 64 us) = 1 us- 01b 

2Eh 16h Bits 28:24 = Suspend in-progress erase max latency count = 10011b, 
max erase suspend latency = (count +1) * units = 20*1 us = 20 us 
Bits 23:20 = Erase resume to suspend interval count = 0001b, interval = 
(count +1) * 64 us = 2 * 64 us = 128 us 
Bits 19:18 = Suspend in-progress program max latency units (00b: 
128ns, 01b: 1us, 10b: 8 us, 11b: 64 us) = 1 us- 01b 
Bits 17:13 = Suspend in-progress program max latency count = 10011b, 
max erase suspend latency = (count +1) * units = 20*1 us = 20 us 
Bits 12:9 = Program resume to suspendiNerval count = 0001b, interval = 
(count +1) * 64 us = 2 * 64 us = 1 
Bit 8 = RFU = 1b 
Bits 7:4 = Prohibited operation erase suspend 

. = xxxOb: May not initiate a ase anywhere (erase nesting not 
JEDEC Basic Flash permitted) 
Parameter Dword-12 + xx0xb: May not iniiateelpage program anywhere 

2Fh 33h + x1xxb: May not initi read in the erase suspended sector size 
* 1xxxb: The orones program restrictions in bits 5:4 are sufficient 
- 1100b 
Bits 3:0 = R өнбес Operations During Program Suspend 
= xxx0b:.M t initiate a new erase anywhere (erase nesting not 
permitted) 
+X “Мау not initiate a new page program anywhere (program 
nes Pot permitted) 
x May not initiate a read in the program suspended page size 

xxxb: The erase and program restrictions in bits 1:0 are sufficient 
- 1100b 
& Binary Fields: 0-01-10011-0001-01-10011-0001-1-1100-1100 
со Nibble Format: 0011 0011 0001 0110 0110 0011 1100 1100 
e Hex Format: 33 16 63 CC 

30h Q+ ТАН 
Bits 31:24 - Erase Suspend Instruction - 75h 

31h ЈЕРЕС Basic(Flgáh 75h Bits 23:16 = Erase Resume Instruction = 7Ah 

32h Parameterpsiort-13 7Ah Bits 15:8 = Program Suspend Instruction = 75h 

33h 75h Bits 7:0 - Program Resume Instruction - 7Ah 
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued) 


SFDP Parameter 


SS 


Relative Byte SFDP Dword Name Data Description 
Address 
34h F7h Bit 31 = Deep Power-Down Supported = 0 
35h A2h Bits 30:23 - Enter Deep Power-Down Instruction - B9h 
Bits 22:15 - Exit Deep Power-Down Instruction - ABh 
36h D5h Bits 14:13 = Exit Deep Power-Down to next operation delay units = (00b: 
128 ns, 01b: 1 us, 10b: 8 us, 11b: 64 us) = 1 us = 016 
Bits 12:8 = Exit Deep Power-Down to next operation delay count = 
00010b, Exit Deep Power-Down to next operation delay - 
(count+1)*units = 3*1 us-3 ys 
JEDEC Basic Flash Bits 7:4 = RFU = 1111b 
Parameter Dword-14 Bit 3:2 = Status Register Polling Device Busy 
= 01b: Legacy status polling supported = Use legacy polling by reading 
37h 5Ch the Status Register with 05h did Ga checking WIP bit[0] 
(O=ready; 1=busy). 
Bits 1:0 = RFU = 11b S 
Binary Fields: EQ 011-01-00010-1111-01-11 
Nibble Format: 0101 11 01 0101 1010 0010 1111 0111 
Hex Format: 5C. D5 
38h 00h Bits 31:24 = RF 
39h F6h Bit 23 = Hold a P Disable = not supported = Ob 
Bits 22:20 - Enable Requirements 
3Ah 59h = 101b: t 1 of the status register 2. Status register 1 is read using 
Read Status instruction 05h. Status register 2 is read using instruction 
35h Set via Write Status instruction O1h with two data bytes where 
bit e second byte is one. It is cleared via Write Status with two data 
where bit 1 of the second byte is zero. 
itè 19:16 0-4-4 Mode Entry Method 
= xxx1b: Mode Bits[7:0] = A5h Note: QE must be set prior to using this 
mode 
& + x0xxb: Mode Bits[7:0] = Axh 
© + 1хххь: RFU 
JEDEC Basic Flash Ж = 10016 
Parameter Dword Bits 15:10 0-4-4 Mode Exit Method 
"ФР = xx. xxx1b: Mode Bits[7:0] = 00h will terminate this mode at the end of 
3Bh FFh the current read operation 


+ xx. 1xxxb: Input Fh (mode bit reset) on DQO-DQ3 for 8 clocks. This will 
terminate the mode prior to the next read operation. 

* 11 x1xx: RFU 

- 111101 

Bit 9 - 0-4-4 mode supported - 1 

Bits 8:4 - 4-4-4 mode enable sequences - 0 00000: not supported 

Bits 3:0 - 4-4-4 mode disable sequences - 0000b: not supported 


Binary Fields: 11111111-0-101-1001-111101-1-00000-0000 
Nibble Format: 1111 1111 0101 1001 1111 0110 0000 0000 
Hex Format: FF 59 F6 00 
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued) 


SFDP Parameter 
Relative Byte 
Address 


SFDP Dword Name 


Data 


Description 


3Ch 


3Dh 


3Eh 


3Fh 


E8h 


10h 


COh 


JEDEC Basic Flash 
Parameter Dword-16 


80h 


Bits 31:24 - Enter 4-Byte Addressing 

= хххх xxx1b:issue instruction B7 (preceding write enable not required 
+ хх1х xxxxb: Supports dedicated 4-byte address instruction set. 
Consult vendor data sheet for the instruction set definition or look for 4- 
byte Address Parameter Table. 

* 1xxx xxxxb: Reserved 

- 10000000b not supported 

Bits 23:14 - Exit 4-byte Addressing 

= XX_XXXX_Xxx1b:issue instruction E9h to exit 4-byte address mode 
(Write enable instruction O6h is not required) 

+ Xx. хх1х xxxxb: Hardware reset 

+ Xx. х1хх xxxxb: Software reset (se fits 13:8 in this DWORD) 

+ xx. 1ххх xxxxb: Power cycle N 

+ x1. хххх xxxxb: Reserved 

* 1x xxxx xxxxb: Reserve © 

= 11 0000 0000b not supparted 


Bits 13:8 = Soft Reset and | Rescue Sequence Support 
= x1 ххххб: issue ге able instruction 66h, then issue reset 


instruction 99h. T, t enable, reset sequence may be issued on 1,2, 
or 4 wires depen 
- 01 0000b 


Bit 7 = RECO 
Bits m tile or Non-Volatile Register and Write Enable Instruction 


on the device operating mode 


for St 


egister 1 

xxb: Non-Volatile/Volatile status register 1 powers-up to last 
value in the non-volatile status register, use instruction O6h to 
ble write to non-volatile status register. Volatile status register may be 
Ctivated after power-up to override the non-volatile status register, use 
instruction 50h to enable write and activate the volatile status register. 
+ x1x_xxxxb: Reserved 
+ 1xx_xxxxb: Reserved 
= 1101000b 


Binary Fields: 10000000-1100000000-010000-1-1101000 
Nibble Format: 1000_0000_1100_0000_0001_0000_1110_1000 
Hex Format: 80 CO 10 E8 
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6.5 Status Registers 


Status Register-1 (SR1) and Status Register-2 (SR2) can be used to provide status on the availability of the flash memory array, if 
the device is write enabled or disabled, the state of write protection, Quad SPI setting, Security Register lock status, and Erase / 
Program Suspend status. 


SR1 and SR2 contain non-volatile bits in locations SR1[7:2] and SR2[6:0] that control sector protection, OTP Register Protection, 
Status Register Protection, and Quad mode. Bit locations SR2[7], SR1[1], and SR1[0] are read only volatile bits for suspend, write 
enable, and busy status; these are updated by the memory control logic. The SR1[1] write enable bit is set only by the Write Enable 
(06h) command and cleared by the memory control logic when an embedded operation is completed. 


Write access to the non-volatile Status Register bits is controlled by the state of the non-volatile Status Register Protect bits SR1[7] 
and SR2[0] (SRPO, SRP1), the Write Enable command (06h) preceding a Write Status Registers command, and while Quad mode 
is not enabled, the WP# pin. 


A volatile version of bits SR2[6], SR2[1], and SR1[7:2] that control sector protection and Quad Mode are used to control the behavior 
of these features after power up. During power up or software reset, these volatile bits are loaded from the non-volatile version of the 
Status Register bits. The Write Enable for Volatile Status Register (50h) command can be used KWrite these volatile bits when the 
command is followed by a Write Status Registers (01h) command. This gives more flexibility N ge the system configuration and 
memory protection schemes quickly without waiting for the typical non-volatile bit write cyc 65 affecting the endurance of the 

Status Register non-volatile bits. A 


Write access to the volatile SR1 апа SR2 Status Register bits is controlled by the state ‘ef the non-volatile Status Register Protect 
bits SR1[7] and SR2[0] (SRPO, SRP1), the Write Enable for Volatile Status Regis mmand (50h) preceding a Write Status 


Registers command, and while Quad mode is not enabled, the WP5 pin. 
Status Register-3 (SR3) is used to configure and provide status on the КУ read latency, and Quad ІО wrapped read features. 


Write access to the volatile SR3 Status Register bits is controlled by nable for Volatile Status Register command (50h) 
preceding a Write Status Register command. The SRP bits do not protect SR3. 


Table 20. Status Register-1 (SR1) ee 
р Field Е cn 
Bits N Function Type Default State Description 
ame < 
< 0 = WP# input has no effect or Power Supply Lock 
Status Q Down mode 
7 SRPO Register С) 0 1 = WP? input can protect the Status Register ог OTP 
Protect 0 о Lock Down 
Q- See Table 29 on page 56. 
No 0 = BP2-BPO protect 64-kB blocks 
6 SEC Sector 155 0 1 = BP2-BPO protect 4-КВ sectors 
Prote N latil d See Table 25 on page 53 and Table 26 on page 54 
xA Apes ап for protection ranges. 
Volatile versions 
0 = BP2-BPO protect from the Top down 
5 TB Top / Bottom 0 1 = BP2-BPO protect from the Bottom up 
Protect See Table 25 on page 53 and Table 26 on page 54 


for protection ranges. 


RES Block Protect 000b = No protection 
BP1 Bits See Table 25 on page 53 and Table 26 on page 54 
BP0 0 for protection ranges. 
Write Enabl 0 = Not Write Enabled, no embedded operation can 
1 WEL i pan © | volatile, Read only 0 start 
1 = Write Enabled, embedded operation can start 
Embedded 0 = Not B bedded operation i 
0 BUSY Operation Volatile, Read only 0 MB қысы dd m 
Status 1 = Busy, embedded operation in progress 
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Table 21. Status Register-2 (SR2) 


S25FL116K/S25FL132K/S25FL164K 


Bits Field Name | Function Type Default State Description 
Suspend Р 0 = Erase / Program пої suspended 
7 SUS Volatile, Read Onl 0 
Status ot caq | 1 = Erase / Program suspended 
0 = Normal Protection Map 
Complement Non-volatile and 1 = Inverted Protection Map 
6 CMP à : 0 
Protect Volatile versions See Table 25 on page 53 and Table 26 on page 54 
for protection ranges. 
5 LB3 OTP Lock Bits 3:0 for Security Registers 3:0 
LB2 Security 0- Security Register not protected 
LB1 Register OTP 1 = Security Register protected 
Lock Bits Security register 0 contains the Serial Flash 
2 LBO 1 Discoverable P ers and is always 
programmed an ked by Cypress. 
0 0 = Quad үрде Not Enabled, the WP# pin and 
РА snabled 
1. 1 = Quad^Mode Enabled, the 102 and ІОЗ pins аге 
ау jen , and WP# and HOLD# functions are 
1 QE Quad Enable except 'Q1) digabled 
Менее and 1 NE - Quad Mode Enabled and can not be changed, 
Volatile versions (For the ІО2 and ІОЗ pins are enabled, and WP# and 
nu bon ’) |HOLD# functions are disabled 
© 0 = SRP1 selects whether WP# input has effect on 
Status Re protection of the status register 
0 SRP1 Register CN 0 1 = SRP1 selects Power Supply Lock Down or ОТР 
Protect 1 Q Lock Down mode 
< See Table 29 on page 56. 
Note: 


1. LBO value should be considered don't care for read. This Ks et to 1. 


Table 22. Status Register-3 (SR3) 


Q? 


Bits Field Name PUDOR Type Default State Description 
7 RFU маа 0 Reserved for Future Use 
6 W6 1 00 - 8-byte wrap. Data read starts at the initial address 
and wraps within an aligned 8-byte boundary. 
01 = 16-byte wrap. Data read starts at the initial address 
Burst Wrap and wraps within an aligned 16-byte boundary. 
5 W5 Length 1 10 - 32-byte wrap. Data read starts at the initial address 
and wraps within an aligned 32-byte boundary. 
11 - 64-byte wrap. Data read starts at the initial address 
and wraps within an aligned 64-byte boundary. 
Volatile 
4 WA Burst Wrap 4 0 = Wrap Enabled 
Enable 1 = Wrap Disabled 
3 0 
Defines the number of read latency cycles in Fast Read, 
2 Latency Variable Read 0 Dual Out, Quad Out, Dual IO, and Quad IO commands. 
1 Control (LC) | Latency Control 0 Binary values for 1 to 15 latency cycles. A value of zero 
7 disables the variable latency mode. 
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6.5.1 BUSY 


BUSY is a read only bit in the Status Register (SR1[0]) that is set to a 1 state when the device is executing a Page Program, Sector 
Erase, Block Erase, Chip Erase, Write Status Registers or Erase / Program Security Register command. During this time the device 
will ignore further commands except for the Software Reset, Read Status Register and Erase / Program Suspend commands (see 
tw, ір, tse tgp, and teg in Section 4.8, AC Electrical Characteristics on page 25). When the program, erase or write status / security 
register command has completed, the BUSY bit will be cleared to a 0 state indicating the device is ready for further commands. 


6.5.2 Write Enable Latch (WEL) 


Write Enable Latch (WEL) is a read only bit in the Status Register (SR1[1]) that is set to 1 after executing a Write Enable Command. 
The WEL status bit is cleared to 0 when the device is write disabled. A write disable state occurs upon power-up or after any of the 
following commands: Write Disable, Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Registers, Erase Security 
Register and Program Security Register. The WEL status bit is cleared to 0 even when a program or erase operation is prevented by 
the block protection bits. The WEL status bit is also cleared to 0 when a program or erase operation is suspended. The WEL status 
bit is set to 1 when a program or erase operation is resumed. e 

O 


6.5.3 Block Protect Bits (BP2, BP1, BPO) ° 
The Block Protect Bits (BP2, BP1, BP0) are non-volatile read / write bits in the WAS) er (SR1[4:2]) that provide Write 
Protection control and status. Block Protect bits can be set using the Write Status Registers Command (see ty in Section 4.8, AC 
Electrical Characteristics on page 25). All, none or a portion of the memory arra „М protected from Program and Erase 
commands (see Section 6.5.7, Block Protection Maps on page 52). The facto ault setting for the Block Protection Bits is 0 


(none of the array is protected.) & 


6.5.4 Top / Bottom Block Protect (TB) 
The non-volatile Top / Bottom bit (TB SR1[5]) controls if the БІ tect Bits (BP2, BP1, BPO) protect from the Top (ТВ-0) or the 
Bottom (ТВ-1) of the array as shown in Section 6.5.7, Block tion Maps on page 52. The factory default setting is ТВ-0. The 


TB bit can be set with the Write Status Registers A on the state of the SRPO, SRP1 and WEL bits. 


6.5.5 Sector / Block Protect ( 
The non-volatile Sector / Block Protect bit (SEC [6]) controls if the Block Protect Bits (BP2, BP1, BPO) protect either 4-КВ 
Sectors (SEC=1) or 64-kB Blocks (SEC=0) in op (ТВ-0) or the Bottom (ТВ-1) of the array as shown in Section 6.5.7, Block 
Protection Maps on page 52. The е is SEC=0. 


6.5.6 Compleme Protect (CMP) 


The Complement Protect bit (C R2[6]) is a non-volatile read / write bit in the Status Register (SR2[6]). It is used in conjunction 
with SEC, TB, BP2, BP1 and BPO bits to provide more flexibility for the array protection. Once CMP is set to 1, previous array 
protection set by SEC, TB, BP2, BP1 and BPO will be reversed. For instance, when CMP=0, a top 4-kB sector can be protected 
while the rest of the array is not; when CMP=1, the top 4-kB sector will become unprotected while the rest of the array become read- 
only. Refer to Section 6.5.7, Block Protection Maps on page 52 for details. The default setting is CMP=0. 
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Block Protection Maps 


Table 23. FL116K Block Protection (CMP - 0) 


S25FL116K/S25FL132K/S25FL164K 


Status Register (1) S25FL1-K (16 Mbit) Block Protection (СМР-0) (2) 
SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses UA Ur Protected Portion 
X X 0 0 0 None None None None 
0 0 0 0 1 31 1F0000h — 1FFFFFh 64 kB Upper 1/32 
0 0 0 1 0 30 and 31 1E0000h — 1FFFFFh 128 kB Upper 1/16 
0 0 0 1 1 28 thru 31 1C0000h — 1FFFFFh 256 kB Upper 1/8 
0 0 1 0 0 24 thru 31 180000h — 1FFFFFh 512 kB Upper 1/4 
0 0 1 0 1 16 thru 31 100000h — 1FFFFFh 1 MB Upper 1/2 
0 1 0 0 1 0 000000h - OOFFFFh 4 kB Lower 1/32 
0 1 0 1 0 0 and 1 000000h - 01FFFFh RO kB Lower 1/16 
0 1 0 1 1 0 thru 3 000000h - O3FFFFh © 256 КВ Lower 1/8 
0 1 1 0 0 O thru 7 000000h — тфу 512 КВ Lower 1/4 
0 1 1 0 1 0 thru 15 000000h - ОРЕКЕ 1 MB Lower 1/2 
X x 1 1 x 0 thru 31 000000 FFh 2MB All 
1 0 0 0 1 31 1FFO 1FFFFFh 4 kB Upper 1/512 
1 0 0 1 0 31 1EE800h — 1FFFFFh 8 kB Upper 1/256 
1 0 0 1 1 31 ae — 1FFFFFh 16 kB Upper 1/128 
1 0 1 0 X 31 1F8000h — 1FFFFFh 32 kB Upper 1/64 
1 1 0 0 1 0 e 000000h - 000FFFh 4 kB Lower 1/512 
1 1 0 1 0 0 000000h - 001FFFh 8 kB Lower 1/256 
1 1 0 1 1 e 000000h - 003FFFh 16 kB Lower 1/128 
1 1 1 0 X a 000000h - 007FFFh 32 kB Lower 1/64 
Notes: © 


1. Х = don't care. 


G 


2. If any Erase or Program command specifies a QE egion that contains protected data portion, this command will be ignored. 


Table 24. FL116K Block Prote Aw) MP = 1) 


Status Register (1) 5 


S25FL1-K (16 Mbit) Block Protection (СМР=1) (2) 

SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses йс Protected Portion 
x x 0 0 0 0 thru 31 000000h - 1FFFFFh All All 
0 0 0 0 1 0 thru 30 000000h - 1EFFFFh 1,984 kB Lower 31/32 
0 0 0 1 0 0 thru 29 000000h — 1DFFFFh 1,920 kB Lower 15/16 
0 0 0 1 1 0 thru 27 000000h - 1BFFFFh 1,792 kB Lower 7/8 
0 0 1 0 0 0 thru 23 000000h - 17FFFFh 1,536 kB Lower 3/4 
0 0 1 0 1 0 thru 15 000000h - OFFFFFh 1MB Lower 1/2 
0 1 0 0 1 1 thru 31 010000h - 1FFFFFh 1,984 kB Upper 31/32 
0 1 0 1 0 2 and 31 020000h - 1FFFFFh 1,920 kB Upper 15/16 
0 1 0 1 1 4 thru 31 040000h - 1FFFFFh 1,792 kB Upper 7/8 
0 1 1 0 0 8 thru 31 080000h - 1FFFFFh 1,536 kB Upper 3/4 
0 1 1 0 1 16 thru 31 100000h — 1FFFFFh 1MB Upper 1/2 
X X 1 1 X None None None None 
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Table 24. FL116K Block Protection (CMP - 1) (Continued) 


S25FL116K/S25FL132K/S25FL164K 


Status Register (1) 


S25FL1-K (16 Mbit) Block Protection (CMP=1) (2) 


1 0 0 0 1 0 thru 31 000000h - 1FEFFFh 2,044 kB Lower 511/512 
1 0 0 1 0 0 thru 31 000000h - 1FDFFFh 2,040 kB Lower 255/256 
1 0 0 1 1 0 thru 31 000000h — 1FBFFFh 2,032 kB Lower 127/128 
1 0 1 0 X 0 thru 31 000000h — 1F7FFFh 2,016 kB Lower 63/64 
1 1 0 0 1 0 thru 31 001000h — 1FFFFFh 2,044 kB Upper 511/512 
1 1 0 1 0 0 thru 31 002000h — 1FFFFFh 2,040 kB Upper 255/256 
1 1 0 1 1 0 thru 31 004000h - 1FFFFFh 2,032 kB Upper 127/128 
1 1 1 0 X 0 thru 31 008000h - 1FFFFFh 2,016 kB Upper 63/64 
Notes: 


1. X = don't care. 


2. ІҒапу Erase or Program command specifies a memory region that contains protected data portion, this command will ауры 


Table 25. FL132K Block Protection (CMP - 0) 


сх 


Status Register (1) 


S25FL132K (32-Mbit) 


Kum (СМР=0) () 


SEC TB BP2 BP1 BPO Protected Block(s) Protected ла ез И Protected Portion 
X X 0 0 0 None e None None 
0 0 0 0 1 63 3F0Q00h - 3FFFFFh 64 kB Upper 1/64 
0 0 0 1 0 62 and 63 oon — 3FFFFFh 128 kB Upper 1/32 
0 0 0 1 1 60 thru 63 3C0000h — 3FFFFFh 256 kB Upper 1/16 
0 0 1 0 0 56 thru 63 Су 380000h — 3FFFFFh 512 kB Upper 1/8 
0 0 1 0 1 48 thru 6308 300000h — 3FFFFFh 1 MB Upper 1/4 
0 0 1 1 0 32 th 200000h — 3FFFFFh 2 МВ Upper 1/2 
0 1 0 0 1 000000h - OOFFFFh 64 kB Lower 1/64 
0 1 0 1 0 < 1 000000h — 01FFFFh 128 kB Lower 1/32 
0 1 0 1 1 С) 0 thru 3 000000h - O3FFFFh 256 kB Lower 1/16 
0 1 1 0 1%) 0 thru 7 000000h - 07FFFFh 512 kB Lower 1/8 
0 1 1 0 x! 0 thru 15 000000h - OFFFFFh 1 MB Lower 1/4 
0 1 1 1 0 0 thru 31 000000h - 1FFFFFh 2MB Lower 1/2 
X x 1 NE 1 0 thru 63 000000h - 3FFFFFh 4 МВ All 
1 0 0 0 1 63 3FF000h - 3FFFFFh 4 kB Upper 1/1024 
1 0 0 1 0 63 3FE000h - 3FFFFFh 8 kB Upper 1/512 
1 0 0 1 1 63 3FC000h - 3FFFFFh 16 kB Upper 1/256 
1 0 1 0 X 63 3F8000h — 3FFFFFh 32 kB Upper 1/128 
1 1 0 0 1 0 000000h - 000FFFh 4 kB Lower 1/1024 
1 1 0 1 0 0 000000h - 001FFFh 8 kB Lower 1/512 
1 1 0 1 1 0 000000h - 003FFFh 16 kB Lower 1/256 
1 1 1 0 X 0 000000h - 007FFFh 32 kB Lower 1/128 


Notes: 
1. X = don't care. 


2. If any Erase or Program command specifies a memory region that contains protected data portion, this command will be ignored. 


Document Number: 002-00497 Rev. *H 


Page 53 of 90 


m, 


Was CYPRESS 


~~ EMBEDDED IN TOMORROW 


Table 26. FL132K Block Protection (CMP = 1) 


S25FL116K/S25FL132K/S25FL164K 


Status Register (1) 


S25FL132K (32-Mbit) Block Protection (CMP=1) (2) 


SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses pie Protected Portion 
X X 0 0 0 0 thru 63 000000h - 3FFFFFh 4 МВ All 
0 0 0 0 1 0 thru 62 000000h - 3EFFFFh 4,032 kB Lower 63/64 
0 0 0 1 0 0 and 61 000000h - 3DFFFFh 3,968 kB Lower 31/32 
0 0 0 1 1 0 thru 59 000000h - 3BFFFFh 3,840 kB Lower 15/16 
0 0 1 0 0 0 thru 55 000000h - 37FFFFh 3,584 kB Lower 7/8 
0 0 1 0 1 0 thru 47 000000h - 2FFFFFh 3 MB Lower 3/4 
0 0 1 1 0 0 thru 31 000000h - 1FFFFFh 2MB Lower 1/2 
0 1 0 0 1 1 thru 63 010000h - 3FFFFFh №32 КВ Оррег 63/64 
0 1 0 1 0 2 апа 63 020000h -3FFFFFh 7 ,968 kB Upper 31/32 
0 1 0 1 1 4 thru 63 040000h - 3FFFFFh о? 3,840 КВ Upper 15/16 
0 1 1 0 0 8 thru 63 080000h — zur 3,584 kB Upper 7/8 
0 1 1 0 1 16 thru 63 100000h — NE 3 MB Upper 3/4 
0 1 1 1 0 32 thru 63 200000 FFh 2MB Upper 1/2 
X X 1 1 1 None w None None 
1 0 0 0 1 0 thru 63 ue — 3FEFFFh 4,092 kB Lower 1023/1024 
1 0 0 1 0 0 thru 63 00h — 3FDFFFh 4,088 kB Lower 511/512 
1 0 0 1 1 0 thru 63 000000h - 3FBFFFh 4,080 kB Lower 255/256 
1 0 1 0 X 0 thru 63 © 0000004 — 3F7FFFh 4,064 КВ Lower 127/128 
1 1 0 0 1 0010001 — 3FFFFFh 4,092 КВ Upper 1023/1024 
1 1 0 1 0 002000h - 3FFFFFh 4,088 kB Upper 511/512 
1 1 0 1 1 004000h - 3FFFFFh 4,080 kB Upper 255/256 
1 1 1 0 X 008000h - 3FFFFFh 4,064 kB Upper 127/128 


Notes: 
1. Х = don't care. 


S 


2. If any Erase or Program command specified me ory region that contains protected data portion, this command will be ignored. 


Table 27. FL164K Block Protection (CMP - 0) 


Status Register (1) 


S25FL164K (64-Mbit) Block Protection (СМР-0) (2) 


SEC TB BP2 BP1 BPO | Protected Block(s) Protected Addresses jedes Protected Portion 

X X 0 0 0 None None None None 

0 0 0 0 1 126 and 127 7E0000h — 7FFFFFh 128 kB Upper 1/64 
0 0 0 1 0 124 thru 127 7C0000h — 7FFFFFh 256 kB Upper 1/32 
0 0 0 1 1 120 thru 127 780000h — 7FFFFFh 512 kB Upper 1/16 
0 0 1 0 0 112 thru 127 700000h — 7FFFFFh 1 MB Upper 1/8 
0 0 1 0 1 96 thru 127 600000h — 7FFFFFh 2 МВ Upper 1/4 
0 0 1 1 0 64 thru 127 400000h — 7FFFFFh 4 МВ Upper 1/2 
0 1 0 0 1 0 and 1 000000h — 01FFFFh 128 kB Lower 1/64 
0 1 0 1 0 0 thru 3 000000h — O3FFFFh 256 kB Lower 1/32 
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Table 27. FL164K Block Protection (CMP - 0) (Continued) 
Status Register (1) S25FL164K (64-Mbit) Block Protection (CMP=0) (2) 

SEC TB BP2 BP1 BPO |Protected Block(s) Protected Addresses na Protected Portion 
0 1 0 1 1 0 thru 7 000000h — 07FFFFh 512 kB Lower 1/16 
0 1 1 0 0 0 thru 15 000000h — OFFFFFh 1 MB Lower 1/8 
0 1 1 0 1 0 thru 31 000000h — 1FFFFFh 2MB Lower 1/4 
0 1 1 1 0 0 thru 63 000000h — 3FFFFFh 4 MB Lower 1/2 
X X 1 1 1 0 thru 127 000000h — 7FFFFFh 8 MB ALL 
1 0 0 0 1 127 7FF000h — 7FFFFFh 4kB Upper 1/2048 
1 0 0 1 0 127 7FEO000h — 7FFFFFh 8 kB Upper 1/1024 
1 0 0 1 1 127 7FCO000h — 7FFFFFh kB Upper 1/512 
1 0 1 0 X 127 7F8000h —7FFFFFh ^ Oy kB Upper 1/256 
1 1 0 0 1 0 000000h - 000FFF ә 4 КВ Lower1/2048 
1 1 0 1 0 0 000000h - 001 «A 8 kB Lower 1/1024 
1 1 0 1 1 0 000000h — FFh 16 kB Lower 1/512 
1 1 1 0 X 0 кшш 32 kB Lower 1/256 


Notes: 


1. X = don't care. 


2. If any Erase or Program command specifies a memory region that contains protec 


Table 28. FL164K Block Protection (CMP - 1) 


S 


Q 


a portion, this command will be ignored. 


pits (64-Mbit) Block Protection (CMP=1) (2) 


Status Register (1) 
SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses gosse Protected Portion 
X X 0 0 0 hru 127 000000h - 7FFFFFh 8 MB ALL 
0 0 0 0 1 0 thru 125 000000h — 7DFFFFh 8,064 kB Lower 63/64 
0 0 0 1 Qr 0 thru 123 000000h — 7BFFFFh 7,936 kB Lower 31/32 
0 0 0 1 X 0 thru 119 000000h - 77FFFFh 7,680 kB Lower 15/16 
0 0 1 ERN 0 0 thru 111 000000h — 6FFFFFh 7 MB Lower 7/8 
0 0 1 0 1 0 thru 95 000000h — 5FFFFFh 5 MB Lower 3/4 
0 0 1 1 0 0 thru 63 000000h — 3FFFFFh 4 МВ Lower 1/2 
0 1 0 0 1 2 thru 127 020000h — 7FFFFFh 8,064 kB Upper 63/64 
0 1 0 1 0 4 thru 127 040000h — 7FFFFFh 7,936 kB Upper 31/32 
0 1 0 1 1 8 thru 127 080000h — 7FFFFFh 7,680 kB Upper 15/16 
0 1 1 0 0 16 thru 127 100000h — 7FFFFFh 7 MB Upper 7/8 
0 1 1 0 1 32 thru 127 200000h - 7FFFFFh 5 MB Upper 3/4 
0 1 1 1 0 64 thru 127 400000h - 7FFFFFh 4 MB Upper 1/2 
X X 1 1 1 None None None None 
1 0 0 0 1 0 thru 127 000000h - 7FEFFFh 8,188 kB Lower 2047/2048 
1 0 0 1 0 0 thru 127 000000h — 7FDFFFh 8,184 kB Lower 1023/1024 
1 0 0 1 1 0 thru 127 000000h — 7FBFFFh 8,176 kB Lower 511/512 
1 0 1 0 X 0 thru 127 000000h — 7F7FFFh 8,160 kB Lower 255/256 
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Table 28. FL164K Block Protection (CMP = 1) (Continued) 


Status Register (1) S25FL164K (64-Mbit) Block Protection (CMP=1) (2) 
SEC TB BP2 BP1 BPO Protected Block(s) | Protected Addresses о Protected Portion 
1 1 0 0 1 0 thru 127 001000h — 7FFFFFh 8,188 kB Lower 2047/2048 
1 1 0 1 0 0 thru 127 002000h - 7FFFFFh 8,184 kB Lower 1023/1024 
1 1 0 1 1 0 thru 127 004000h - 7FFFFFh 8,176 kB Lower 511/512 
1 1 1 0 X 0 thru 127 008000h - 7FFFFFh 8,160 kB Lower 255/256 


Notes: 
1. X = don't care. 


2. If any Erase or Program command specifies a memory region that contains protected data portion, this command will be ignored. 


6.5.8 Status Register Protect (SRP1, SRPO) . © 
The Status Register Protect bits (SRP1 and SRPO) are non-volatile read / write bits in the N egister (SR2[0] and SR1[7]). The 
SRP bits control the method of write protection: software protection, hardware protecti er supply lock-down, or one time 
programmable (OTP) protection. 
Table 29. Status Register Protection Bits AN 
SRP1 SRPO WP# Status Register e Description 
: WP# pin has Яо control. SR1 апа SR2 сап be written to after a Write 
0 0 X [Software Protection Enable c d, WEL=1. [Factory Default] 
0 1 0 Hardware Protected 2-4 mer pin is low the SR1 and SR2 are locked and can not be 
WP5 pin is high SR1 and SR2 are unlocked and can be written 
0 1 1 Hardware Unprotected fter a Write Enable command, WEL=1. 
1 0 X Power Supply Lock- SR1 and SR2 are protected and can not be written to again until the 
Down next power-down, power-up cycle. (1) 
1 1 X One Time Pro, (2) |SR1 and SR2 are permanently protected and can not be written. 
Notes: 


1. When SRP1, SRPO - (1, 0), a power-down, бад or Software Reset cycle will change SRP1, ЅРРО to (0, 0) state. 

2. The One-Time Program feature is available дроп Special order. Contact Cypress for details. 

3. Busy, WEL, and SUS (SR1[1:0] and we volatile read only status bits that are never affected by the Write Status Registers command. 
4 


. The non-volatile version of CMP, QE, , SRPO, SEC, TB, and ВР2-ВРО (SR2[6,1,0] and SR1[6:2]) bits and the OTP 1В3-1 ВО bits are not writable when protected 
by the SRP bits and WP# as shown in the table. The non-volatile version of these Status Register bits are selected for writing when the Write Enable (06h) command 
precedes the Write Status Registers (01h) command. 


5. The volatile version of CMP, QE, SRP1, SRPO, SEC, ТВ, and ВР2-ВРО (SR2[6,1,0] and SR1[6:2]) bits are not writable when protected by the SRP bits and WP# as 
shown in the table. The volatile version of these Status Register bits are selected for writing when the Write Enable for volatile Status Register (50h) command 
precedes the Write Status Registers (O1h) command. There is no volatile version of the LB3-LBO bits and these bits are not affected by a volatile Write Status 
Registers command. 

6. The volatile SR3 bits аге not protected by the SRP bits and may be written at any time by volatile (50h) Write Enable command preceding the Write Status Registers 
(01h) command. 


6.5.9 Erase / Program Suspend Status (SUS) 


The Suspend Status bit is a read only bit in the status register (SR2[7]) that is set to 1 after executing an Erase / Program Suspend 
(75h) command. The 505 status bit is cleared to 0 by Erase / Program Resume (7Ah) command as well as a power-down, power-up 
cycle. 
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6.5.10 Security Register Lock Bits (LB3, LB2, LB1, LBO) 


The Security Register Lock Bits (LB3, LB2, LB1, ІВ0) are non-volatile One Time Program (OTP) bits in Status Register (SR2[5:2]) 
that provide the write protect control and status to the Security Registers. The default state of LB[3:1] is 0, Security Registers 1 to 3 
are unlocked. LB[3:1] can be set to 1 individually using the Write Status Registers command. LB[3:1] are One Time Programmable 
(OTP), once it's set to 1, the corresponding 256-byte Security Register will become read-only permanently. 


Security Register 0 is programmed with the SFDP parameters and LBO is programmed to 1 by Cypress. 


6.5.11 Quad Enable (QE) 


The Quad Enable (QE) bit is a non-volatile read / write bit in the Status Register (SR2[1]) that allows Quad SPI operation. When the 
QE bit is set to a 0 state (factory default), the WP# ріп апа HOLD# are enabled. When the QE bit is set to a 1, the Quad IO2 and 103 
pins are enabled, and WP# and HOLD# functions are disabled. 


Note: If the WP# or HOLD pins are tied directly to the power supply or ground during standard SPI or Dual SPI operation, the QE 
bit should never be set to a 1. 


6.5.12 Latency Control (LC) © 


Status Register-3 provides bits (SR3[3:0]) to select the number of read latency cycles used ` Fast Read command. The Read 
Data command is not affected by the latency code. The binary value of this field select ron to 15 latency cycles. The zero value 
selects the legacy number of latency cycles used in prior generation FL-K family devi Тһе default is 0 cycles to provide 
backward compatibility to legacy devices. The Latency Control bits may be set to select a number of read cycles optimized for the 
frequency in use. If the number of latency cycles is not sufficient for the operati quency, invalid data will be read. 


Table 30. Latency Cycles Versus Frequency for -40°C to 85°C/105°C а to 3.6V 


Read EE Monum Frequency (MHz) 
Latency Control 
Fast Read Dual Output ual I/O Quad Output Quad I/O 
0 108 108 qo 88 108 78 
(legacy read latency) (8 dummy) (8 dummy) (4 mode, 0 dummy) (8 dummy) (2 mode, 4 dummy) 
1 50 50 ae 94 43 49 
2 95 © 105 56 59 
3 105 108 70 69 
4 108 О 105 108 83 78 
5 108 29 108 108 94 86 
6 108 Q 108 108 105 95 
7 1 Ww 108 108 108 105 
8 c 108 108 108 108 
9 108 108 108 108 108 
10 108 108 108 108 108 
11 108 108 108 108 108 
12 108 108 108 108 108 
13 108 108 108 108 108 
14 108 108 108 108 108 
15 108 108 108 108 108 


Notes: 

1. SCK frequency > 108 MHz SIO, 108 MHz DIO, or 108 MHz QIO is not supported by this family of devices. 

2. The Dual I/O and Quad I/O command protocols include Continuous Read Mode bits following the address. The clock cycles for these bits are not counted as part of the 
latency cycles shown in the table. Example: the legacy Dual I/O command has four Continuous Read Mode bits following the address and no additional dummy cycles. 
Therefore, the legacy Dual I/O command without additional read latency is supported only up to the frequency shown in the table for a read latency of zero cycles. By 
increasing the variable read latency the frequency of the Dual I/O command can be increased to allow operation up to the maximum supported 108 MHz DIO 
frequency. 
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6.5.13 Burst Wrap Enable (W4) 


Status Register-3 provides a bit (SR3[4]) to enable a read with wrap option for the Quad I/O Read command. When SR3[4]71, the 
wrap mode is not enabled and unlimited length sequential read is performed. When SR3[4]-0, the wrap mode is enabled and a fixed 
length and aligned group of 8, 16, 32, or 64 bytes will be read starting at the byte address provided by the Quad І/О Read command 
and wrapping around at the group alignment boundary. 


6.5.14 Burst Wrap Length (W6, W5) 


Status Register-3 provides bits (SR3[1:0]) to select the alignment boundary at which reading will wrap to perform a cache line fill. 
Reading begins at the initial byte address of a Fast Read Quad IO command, then sequential bytes are read until the selected 
boundary is reached. Reading then wraps to the beginning of the selected boundary. This enables critical word first cache line refills. 
The wrap point can be aligned on 8-, 16-, 32-, or 64-byte boundaries. 


Q? 
Se 
Xo) 
° 
ee 
QN 
< 
со 
Qe 
С; 
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6.6 Device Identification 


6.6.1 Legacy Device Identification Commands 


S25FL116K/S25FL132K/S25FL164K 


Three legacy commands are supported to access device identification that can indicate the manufacturer, device type, and capacity 


(density). The returned data bytes provide the information as shown in Table 31. 


Table 31. Device Identification 


Note: 


Device OPN Instruction Data 1 Data 2 Data 3 
ABh(1) Device ID = 14h — — 
S25FL116K 90h(2) Manufacturer ID = 01h Device ID = 14h — 
9Fh(3) Manufacturer ID = 01h Device Type - 40h Capacity - 15h 
ABh(1) Device ID - 15h — < — 
S25FL132K 90h(2) Manufacturer ID = 01h Device ID 7 t — 
9Fh(3) Manufacturer ID = 01h Device Ty, Dion Capacity = 16h 
ABh(1) Device ID = 16h — — 
S25FL164K 90h(2) Manufacturer ID = 01h Devige ID = 16h — 
9Fh(3) Manufacturer ID - ee Type = 40h Capacity = 17h 


1. The АВР instruction is followed by three dummy address bytes then the output of беле (Dy te. See Command Set (ID, Security Commands) on page 64 and 


Release from Deep-Power-Down / Device ID (ABh) on page 77. 
2. The 90h instruction is followed by three address bytes with (Address - 0) followed 
(ID, Security Commands) on page 64. and Read Manufacturer / Device ID ( зп раде 78. 
3. The 9Fh instruction is followed by the output of the Manufacturer ID byte > 
on page 64 and Read JEDEC ID (9Fh) on page 78. о) 


rameters (SFDP) 


6.6.2 Serial Flash Discoverab 


A Read SFDP (5Ah) command to read a JEDE 
information is stored in Security Register 0 an 
JEDEC JESD216B) on page 39. Q 


` 


SO 
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7. Functional Description 


7.1 SPI Operations 


7.1.1 Standard SPI Commands 


The S25FL1-K is accessed through an SPI compatible bus consisting of four signals: Serial Clock (SCK), Chip Select (CS#), Serial 
Data Input (SI) and Serial Data Output (SO). Standard SPI commands use the SI input pin to serially write instructions, addresses or 
data to the device on the rising edge of SCK. The SO output pin is used to read data or status from the device on the falling edge 
SCK. 


SPI bus operation Mode 0 (0,0) and 3 (1,1) are supported. The primary difference between Mode 0 and Mode 3 concerns the normal 
state of the SCK signal when the SPI bus master is in standby and data is not being transferred to the serial flash. For Mode 0, the 
SCK signal is normally low on the falling and rising edges of CS£. For Mode 3, the SCK signal is normally high on the falling and 


rising edges of CS#. < 
S 


7.1.2 Dual SPI Commands ор 


Тһе S25FL1-K supports Dual SPI operation when using the "Fast Read Dual Output ( " and "Fast Read Dual ИО (BBh)" 
commands. These commands allow data to be transferred to or from the device at to three times the rate of ordinary serial flash 
devices. The Dual SPI Read commands are ideal for quickly downloading code M upon power-up (code-shadowing) or for 
executing non-speed-critical code directly from the SPI bus (XIP). When usi al SPI commands, the SI and SO pins become 


bidirectional I/O pins: IOO and 101. < 
«О 
7.1.3 Quad SPI Commands 


The S25FL1-K supports Quad SPI operation when using the нега Quad Output (6Вһ)”, and "Fast Read Quad І/О (EBh)" 
commands. These commands allow data to be transferred t om the device four to six times the rate of ordinary serial flash. The 
Quad Read commands offer a significant improvement in inuous and random access transfer rates allowing fast code- 
shadowing to RAM or execution directly from the SPI IP). When using Quad SPI commands the SI and SO pins become 
bidirectional IOO and 101, and the WP# and HOLD S become ІО2 and ІОЗ respectively. Quad SPI commands require the non- 
volatile or volatile Quad Enable bit (QE) in Statu ister-2 to be set. 


| © 
7.1.4 Hold Function 2 
i 


For Standard SPI and Dual SPI te , the HOLD# (IO3) signal allows the device interface operation to be paused while it is 
actively selected (when CS£ is repo Hold function may be useful in cases where the SPI data and clock signals are shared with 


other devices. For example, if t ge buffer is only partially written when a priority interrupt requires use of the SPI bus, the Hold 
function can save the state of the ‘interface and the data in the buffer so programming command can resume where it left off once 
the bus is available again. The Hold function is only available for standard SPI and Dual SPI operation, not during Quad SPI. 


To initiate a Hold condition, the device must be selected with CS# low. A Hold condition will activate on the falling edge of the 
HOLDX* signal if the SCK signal is already low. If the SCK is not already low the Hold condition will activate after the next falling edge 
of SCK. The Hold condition will terminate on the rising edge of the HOLD# signal if the SCK signal is already low. If the SCK is not 
already low the Hold condition will terminate after the next falling edge of SCK. During a Hold condition, the Serial Data Output, (SO) 
or lOO and 101, are high impedance and Serial Data Input, (SI) or IO0 and 101, and Serial Clock (SCK) are ignored. The Chip Select 
(CS#) signal should be kept active (low) for the full duration of the Hold operation to avoid resetting the internal logic state of the 
device. 
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7.2 Write Protection 


Applications that use non-volatile memory must take into consideration the possibility of noise and other adverse system conditions 
that may compromise data integrity. To address this concern, the S25FL1-K provides several means to protect the data from 
inadvertent program or erase. 


7.2.1 Write Protect Features 


W Device resets when Усс is below threshold 
Time delay write disable after Power-Up 


Write enable / disable commands and automatic write disable after erase or program 


Command length protection 


- All commands that Write, Program or Erase must complete on a byte boundary (СӨЖ driven high after a full 8 bits have been 
clocked) otherwise the command will be ignored 


Software and Hardware write protection using Status Register control $ 
— WP# input protection ор 
— Lock Down write protection until next power-up or Software Reset <) 
— One-Time Program (ОТР) write protection AN 
M Write Protection using the Deep Power-Down command < 


Upon power-up or at power-down, the S25FL1-K will maintain a reset A while Усс is below the threshold value of VWI, (see 
Figure 19, Power-Up Timing and Voltage Levels on page 24). While «© | operations are disabled and no commands are 
recognized. During power-up and after the Vcc voltage exceeds VWI, al program and erase related commands are further disabled 
for a time delay of tpyy. This includes the Write Enable, Page Pr , Sector Erase, Block Erase, Chip Erase and the Write Status 
Registers commands. Note that the chip select pin (CS?) mus the Vcc supply level at power-up until the Vcc-min level and 
tus, time delay is reached. If needed a pull-up resistor on n be used to accomplish this. 


After power-up the device is automatically placed in a if alisabled state with the Status Register Write Enable Latch (WEL) set to 
a 0. A Write Enable command must be issued before ge Program, Sector Erase, Block Erase, Chip Erase or Write Status 
Registers command will be accepted. After compl a program, erase or write command the Write Enable Latch (WEL) is 
automatically cleared to a write-disabled state of} 


Software controlled main flash array write tion is facilitated using the Write Status Registers command to write the Status 
Register Protect (SRPO, SRP1) and BI tect (CMP, SEC,TB, BP2, BP1 and BPO) bits. 


The BP method allows a portion as aia! as 4-kB sector or the entire memory array to be configured as read only. Used in 
conjunction with the Write Protec #) pin, changes to the Status Register can be enabled or disabled under hardware control. 
See Status Registers on page r further information. 


Additionally, the Deep Power-Down (DPD) command offers an alternative means of data protection as all commands are ignored 
during the DPD state, except for the Release from Deep-Power-Down (RES ABh) command. Thus, preventing any program or erase 
during the DPD state. 


7.3 Status Registers 


The Read and Write Status Registers commands can be used to provide status and control of the flash memory device. 
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8. Commands 


The command set of the S25FL1-K is fully controlled through the SPI bus (see Table 32 to Table 35 on page 64). Commands are 
initiated with the falling edge of Chip Select (CS#). The first byte of data clocked into the SI input provides the instruction code. Data 
on the SI input is sampled on the rising edge of clock with most significant bit (MSB) first. 


Commands vary in length from a single byte to several bytes. Each command begins with an instruction code and may be followed 
by address bytes, a mode byte, read latency (dummy / don't care) cycles, or data bytes. Commands are completed with the rising 
edge of edge CS#. Clock relative sequence diagrams for each command are included in the command descriptions. All read 
commands can be completed after any data bit. However, all commands that Write, Program or Erase must complete on a byte 
boundary (CS# driven high after a full 8 bits have been clocked) otherwise the command will be ignored. This feature further protects 
the device from inadvertent writes. Additionally, while the memory is being programmed or erased, all commands except for Read 
Status Register and Suspend commands will be ignored until the program or erase cycle has completed. When the Status Register 
is being written, all commands except for Read Status Register will be ignored until the Status Register write operation has 
completed. 


Table 32. Command Set (Configuration, Status, Erase, Program Commands (1)) И OV 
BYTE 1 
Command Name (Instruction) BYTE 2 BYTE 3 svga BYTE 5 BYTE 6 
Read Status Register-1 05h 5К1[7:0] (2) ° 


(4) N 
Read Status Register-2 35h SR2[7:0] (2) 54 
5 


(4) 


Read Status Register-3 33h SR3[7:0] (2) 

Write Enable 06h <s 

Ded for Volatile Status 50h @ 

Write Disable 04h KS 

Write Status Registers 01h sefa SR2[7:0] SR3[7:0] 

Set Burst with Wrap 77h < xxh xxh xxh SR3[7:0] (3) 
ылкы 39h CAD A23-A16 | A15-A10, x, x xxh 

Page Program e А23-А16 А15-А8 А7-АО 07-00 
Sector Erase (4 kB) %20 А23-А16 А15-А8 А7-АО 

Block Erase (64 kB) ENS D8h А23-А16 A15-A8 А7-АО 

Chip Erase C7h / 60h 

Erase / Program Suspend 75h 

Erase / Program Resume 7Ah 

Notes: 


1. Data bytes are shifted with Most Significant Bit First. Byte fields with data in brackets '[]' indicate data being read from the device on the SO pin. 
2. Status Register contents will repeat continuously until CS# terminates the command. 
3. Set Burst with Wrap Input format to load SR3. See Table 22 on page 50. 
100 = x, X, x, X, x, X, WA, x] 
IO1 = x, x, X, X, X, X, W5, x] 
102 = x, X, X, X, X, x, W6 x] 
103 = x, X, X, X X, X, XX 
4. When changing the value of any single bit, read all other bits and rewrite the same value to them. 
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Table 33. Command Set (Read Commands) 


S25FL116K/S25FL132K/S25FL164K 


BYTE 1 


Command Name BYTE2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 
(Instruction) 
Read Data 03h A23-A16 A15-A8 A7-AO | (07-00, ..) 
Fast Read OBh A23-A16 A15-A8 А7-А0 dummy (27—00, ...) 
Fast Read Dual Output 3Bh A23-A16 A15-A8 А7-А0 dummy | (07-00, ..) (1) 
Fast Read Quad Output 6Bh A23-A16 A15-A8 А7-А0 dummy | (07-0, ...) (3) 
Fast Read Dual I/O BBh A23-A8 (2) Шота (27-00, ...) (1) 
А23-АО, KXXX, 

Fast Read Quad I/O EBh ММО (4) -|DT-Do ie) 07-09.) 
Continuous Read Mode 
Reset (6) zi. FF NS 
Notes: C 
1. Dual Output data 


6. 


Table 34. Command Set (не ЫЫ аталар) 


100 = (D6, D4, D2, DO) 
101 = (D7, D5, ОЗ, D1) 
Dual Input Address 


ТОО = A22, A20, A18, A16, A14, A12, A10, A8 Аб, А4, A2, AO, М6, M4, M2, MO 


101 = A23, A21, A19, A17, A15, A13, A11, А9 A7, A5, АЗ, A1, M7, М5, M3, М1 


Quad Output Data 

100 = (D4, DO, .....) 
101 = (D5, D1, .....) 
102 = (D6, D2, .....) 
103 = (D7, D3, .....) 
Quad Input Address 


100 = A20, A16, A12, A8, A4, AO, M4, MO 
101 = A21, A17, A13, A9, А5, A1, М5, M1 
ІО2 - A22, A18, A14, A10, A6, A2, M6, М2 
ІОЗ - A23, A19, A15, A11, A7, АЗ, M7, M3 


Fast Read Quad І/О Data 

100 = (x, x, x, x, D4, DO, ..... ) 

101 = (x, x, x, х, D5, D1, ..... ) 

102 = (x, x, x, x, D6, D2, ..... ) 

ТОЗ = (x, x, x, x, D7, D3, ..... ) 

This command is recommended when using: 


e ^ or Quad "Continuous Read Mode" feature. See Section 8.4.3 and Section 8.4.3 on page 75 for more information. 


Command Name (In Seton} Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 
Software Reset Enable 66h 
Software Reset 99h 
Continuous Read Mode Reset (1) FFh FFh 


Notes: 
1. This command is recommended when using the Dual or Quad “Continuous Read Mode" feature. See Section 8.4.3 and Section 8.4.3 on page 75 for more information. 
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Table 35. Command Set (ID, Security Commands) 


S25FL116K/S25FL132K/S25FL164K 


BYTE 1 


(3) 


Command Name ; BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 
(Instruction) 

Deep Power-down B9h 
ams F Ower JOWN DENICE ABh dummy dummy dummy Device ID (1) 
Manufacturer / Device ID (2) 90h A23-A16 А15-А8 А7-АО Manufacturer Device ID 
JEDEC ID 9Fh Manufacturer | Memory Type Capacity 
Read SFDP Register / 
Read Unique ID Number 5Ah 00h 00h А7-АО dummy (07-00, ...) 
Read Security Registers (3) 48h А23-А16 A15-A8 А7-АО dummy (07-00, ...) 
Erase Security Registers (3) 44h А23-А16 A15-A8 А7-АО <N 
Program Security Registers 42h A23-A16 A15-A8 uo» D7-DO, ... 


Notes: 


1. The Device ID will repeat continuously until CS# terminates the command. 


2. See Section 6.6.1, Legacy Device Identification Commands on page 59 for Device ID information. 
Manufacturer ID as the first returned data as shown in the table. Address - 1 selects Device ID 


NS 


3. Security Register Address: 


Security Register 0: A23-16 - 00h; A15-8 - 00h; А7-0 - byte address 
Security Register 1: A23-16 - 00h; A15-8 - 10h; А7-0 - byte address 
Security Register 2: A23-16 - 00h; A15-8 - 20h; А7-0 - byte address 
Security Register 3: A23-16 - 00h; A15-8 - 30h; А7-0 - byte address 


Security Register O is used to store the SFDP parameters and is always proi 


8.1 


8.1.1 


shifting the instruction code “05h” for S 
the rising edge of SCK. The Status R 
(MSB) first as shown in Figure 


Read Status Registe 
The Read Status Register commands а 


we 


The Read Status Register-1 (05 


A 


N 
O 
SS 


Configuration and Status E ands 


5h), (35h), (33h) 


8-bit Status Registers to be read. The command is entered by driving CS# low and 

egister-1, “35һ” for Status Register-2, or 33h for Status Register-3, into the SI pin on 

istér bits are then shifted out on the SO pin at the falling edge of SCK with most significant bit 
tatus Register bits are shown in Section 6.5, Status Registers on page 49. 


се 
а» 


quies and locked by Cypress. 


instruction is followed by an address. Address - 0 selects 
irst returned data followed by Manufacturer ID. 


command may be used at any time, even while a Program, Erase, or Write Status Registers cycle 
is in progress. This allows the BUSY status bit to be checked to determine when the operation is complete and if the device can 

accept another command. The Read Status Register-2 (35h), and Read Status Registers (33h) may be used only when the device 
is in standby, not busy with an embedded operation. 


Status Registers can be read continuously as each repeated data output delivers the updated current value of each status register. 
Example: using the instruction code "05h" for Read Status Register-1, the first output of eight bits may show the device is busy, 

SR1[0]=1. By continuing to hold CS# low, the updated value of SR1 will be shown in the next byte output. This repeated reading of 
SR1can continue until the system detects the Busy bit has changed back to ready status in one of the status bytes being read out. 
The Read Status Register commands are completed by driving СӨЖ high. 
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Figure 33. Read Status Register Command Sequence Diagram for 05h and 35h 


The Write Enable command (Figure 35) sets the Write Enable Latch (WEL) e Status Register toa 1. The WEL bit must be set 
prior to every Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Registers and Erase / Program Security 
Registers command. The Write Enable command is entered by MEA: low, shifting the instruction code "06h" into the Data 
Input (SI) pin on the rising edge of SCK, and then driving CS# "ey 


8.1.2 Write Enable (06h) ¿Š 


Figure 35. Write Enable ( 06h) Command Sequence 


NS | 
8.1.3 Write Enable far Volatile Status Register (bOh) 
it 


The non-volatile Status Register bits described in Section 6.5, Status Registers on page 49 can also be written to as volatile bits. 
During power up reset, the non-volatile Status Register bits are copied to a volatile version of the Status Register that is used during 
device operation. This gives more flexibility to change the system configuration and memory protection schemes quickly without 
waiting for the typical non-volatile bit write cycles or affecting the endurance of the Status Register non-volatile bits. To write the 
volatile version of the Status Register bits, the Write Enable for Volatile Status Register (50h) command must be issued and 
immediately followed by the Write Status Registers (01h) command. Write Enable for Volatile Status Register command (Figure 36) 
will not set the Write Enable Latch (WEL) bit, it is only valid for the next following Write Status Registers command, to change the 
volatile Status Register bit values. 


Figure 36. Write Enable for Volatile Status Register Command Sequence 


CS# 


SCK 
si т | e | s pa | s | 2 [| t [| o | 


so 


Phase | 
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8.1.4 Write Disable (04h) 


The Write Disable command resets the Write Enable Latch (WEL) bit in the Status Register to a 0. The Write Disable command is 
entered by driving CS# low, shifting the instruction code “04h” into the SI pin and then driving CS# high. Note that the WEL bit is 
automatically reset after Power-up and upon completion of the Write Status Registers, Erase / Program Security Registers, Page 
Program, Sector Erase, Block Erase and Chip Erase commands. 


Figure 37. Write Disable (WRDI 04h) Command Sequence 


CS# 

SCK 
si Eyr | a a J ° sj 2 qo wq ug 
50 


Instruction 


8.1.5 Write Status Registers (01h) N 


The Write Status Registers command allows the Status Registers to be written. Only бше Status Register bits SRPO, SEC, 
TB, BP2, BP1, BPO (SR1[7:2]) CMP, LB3, LB2, LB1, QE, SRP1 (SR2[6:0]), and the v e bits SR3[6:0] can be written. All other 
Status Register bit locations are read-only and will not be affected by the Write Status Registers command. LB3-0 are non-volatile 
OTP bits; once each is set to 1, it can not be cleared to 0. The Status Registe (2 e shown in Section 6.5, Status Registers 

on page 49. Any reserved bits should only be written to their default value. 


To write non-volatile Status Register bits, a standard Write Enable (06h) cómmand must previously have been executed for the 
device to accept the Write Status Registers Command (Status a EL must equal 1). Once write enabled, the command is 
entered by driving CS# low, sending the instruction code “01h”, and*theñ writing the Status Register data bytes as illustrated in 
Figure 38. 


To write volatile Status Register bits, a Write Enable for Vol atus Register (50h) command must have been executed prior to 
the Write Status Registers command (Status Register bt BL romans 0). However, SRP1 and LB3, LB2, LB1, LBO can not be 
changed because of the OTP protection for these bits, power-off, the volatile Status Register bit values will be lost, and the 
non-volatile Status Register bit values will be restor en power on again. 


To complete the Write Status Registers м e CS# pin must be driven high after the eighth bit of a data value is clocked т 
(CS# must be driven high on an 8-bit boundany).;M'this is not done the Write Status Registers command will not be executed. If CS# 
is driven high after the eighth clock the е. QE bits will be cleared to 0 if the SRP1 bit is 0. The SR2 bits are unaffected if SRP1 
is 1. If CS# is driven high after the eigh ixteenth clock, the SR3 bits will not be affected. 


During non-volatile Status Register wit operation (06h combined with 01h), after CS# is driven high at the end of the Write Status 
Registers command, the self-ti ite Status Registers operation will commence for a time duration of tw (see Section 4.8, AC 
Electrical Characteristics on pag&25). While the Write Status Registers operation is in progress, the Read Status Register 
command may still be accessed to check the status of the BUSY bit. The BUSY bit is a 1 during the Write Status Registers operation 
and a 0 when the operation is finished and ready to accept other commands again. After the Write Status Registers operation has 
finished, the Write Enable Latch (WEL) bit in the Status Register will be cleared to 0. 


During volatile Status Register write operation (50h combined with 01h), after CS is driven high at the end of the Write Status 
Registers command, the Status Register bits will be updated to the new values within the time period of tais; 2 (see Section 4.8, АС 
Electrical Characteristics on page 25). BUSY bit will remain 0 during the Status Register bit refresh period. Refer to Section 6.5, 
Status Registers on page 49 for detailed Status Register bit descriptions. 


Figure 38. Write Status Registers Command Sequence Diagram 


С5# 


Рһазе Instruction Input Status Register-1 Input Status Register-2 Input Status Register-3 
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8.2 Program and Erase Commands 


8.2.1 Page Program (02h) 


The Page Program command allows from one byte to 256 bytes (a page) of data to be programmed at previously erased (FFh) 
memory locations. A Write Enable command must be executed before the device will accept the Page Program Command (Status 
Register bit WEL= 1). The command is initiated by driving the CS# pin low then shifting the instruction code "02h" followed by a 24- 
bit address (A23-A0) and at least one data byte, into the SI pin. The CS# pin must be held low for the entire length of the command 
while data is being sent to the device. The Page Program command sequence is shown in Figure 39, Page Program Command 
Sequence on page 67. 


If an entire 256-byte page is to be programmed, the last address byte (the 8 least significant address bits) should be set to 0. If the 
last address byte is not zero, and the number of clocks exceed the remaining page length, the addressing will wrap to the beginning 
of the page. In some cases, less than 256 bytes (a partial page) can be programmed without having any effect on other bytes within 
the same page. One condition to perform a partial page program is that the number of clocks can not exceed the remaining page 
length. If more than 256 bytes are sent to the device the addressing will wrap to the beginning o Xie. page and overwrite previously 
sent data. Де 


As with the write and erase commands, the CS# pin must be driven high after the eighth bi he last byte has been latched. If this 
is not done the Page Program command will not be executed. After CS# is driven hig elf-timed Page Program command will 
commence for a time duration of tpp (Section 4.8, AC Electrical Characteristics on pag&25). While the Page Program cycle is in 
progress, the Read Status Register command may still be accessed for checking tatus of the BUSY bit. The BUSY bit is a 1 
during the Page Program cycle and becomes a 0 when the cycle is finished a «е device is ready to accept other commands 
again. After the Page Program cycle has finished the Write Enable Latch му іп the Status Register is cleared to 0. The Page 
Program command will not be executed if the addressed page is protected by he Block Protect (CMP, SEC, TB, BP2, BP1, and 
BPO) bits. 


Figure 39. Page Program''Gommand Sequence 


г. 


CC [6 [5 [4 [3 [2 [1 Го [23 Ав Ре [2 [а Го [9 [в [5 [4 [3 [2 [и Го [7 [в [5 [4 [з [2 [1 [о Y 


$0 


Phase | 


8.2.2 Sector Erase (2 © 


The Sector Erase command sets all Мет ry within a specified sector (4 kbytes) to the erased state of all 1's (FFh). A Write Enable 
command must be executed bef device will accept the Sector Erase command (Status Register bit WEL must equal 1). The 
command is initiated by driving S# pin low and shifting the instruction code "20h" followed a 24-bit sector address (A23-A0) 
See Supply and Signal Ground (Vss) оп page 10. The Sector Erase command sequence is shown in Figure 40 on page 67. 


The CS£ pin must be driven high after the eighth bit of the last byte has been latched. If this is not done the Sector Erase command 
will not be executed. After CS# is driven high, the self-timed Sector Erase command will commence for a time duration of се. 
Section 4.8, AC Electrical Characteristics on page 25 While the Sector Erase cycle is in progress, the Read Status Register 
command may still be accessed for checking the status of the BUSY bit. The BUSY bit is a 1 during the Sector Erase cycle and 
becomes a 0 when the cycle is finished and the device is ready to accept other commands again. After the Sector Erase cycle has 
finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Sector Erase command will not be executed if 
the addressed sector is protected by the Block Protect (CMP, SEC, TB, BP2, BP1, and BPO) bits (Table 25, FL132K Block 
Protection (CMP - 0) on page 53). 


Figure 40. Sector Erase Command Sequence 


Phase _ 
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8.2.3 64-kB Block Erase (D8h) 


The Block Erase command sets all memory within a specified block (64 kbytes) to the erased state of all 1s (FFh). A Write Enable 
command must be executed before the device will accept the Block Erase command (Status Register bit WEL must equal 1). The 
command is initiated by driving the CS# pin low and shifting the instruction code "D8h" followed a 24-bit block address (A23-A0) 
See Supply and Signal Ground (Vas) оп page 10. The Block Erase command sequence is shown in Figure 41. 


The CS# pin must be driven high after the eighth bit of the last byte has been latched. If this is not done the Block Erase command 
will not be executed. After CS# is driven high, the self-timed Block Erase command will commence for a time duration of рє (see 
Section 4.8, AC Electrical Characteristics on page 25). While the Block Erase cycle is in progress, the Read Status Register 
command may still be accessed for checking the status of the BUSY bit. The BUSY bit is a 1 during the Block Erase cycle and 
becomes a 0 when the cycle is finished and the device is ready to accept other commands again. After the Block Erase cycle has 
finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Block Erase command will not be executed if the 
addressed sector is protected by the Block Protect (CMP, SEC, TB, BP2, BP1, and BPO) bits (see Section 6.5, Status Registers 
on page 49). 


Figure 41. 64-kB Block Erase Command Sequence S 


8.2.4 Chip Erase (C7h / 60h) © 


The Chip Erase command sets а! memory within the devi Kb the erased state of all 1's (FFh). A Write Enable command must be 
executed before the device will accept the Chip Erase узга (Status Register bit WEL must equal 1). The command is initiated 
by driving the CS£ pin low and shifting the instruction Gode "C7h" or “60h”. The Chip Erase command sequence is shown in 

Figure 42. 


The CS£ pin must be driven high after the eig Cot has been latched. If this is not done the Chip Erase command will not be 
executed. After CS£ is driven high, the selfi Chip Erase command will commence for a time duration of tcg (Section 4.8, АС 
Electrical Characteristics on page 25). e Chip Erase cycle is in progress, the Read Status Register command may still be 
accessed to check the status of the i M bit. The BUSY bit is a 1 during the Chip Erase cycle and becomes a 0 when finished and 
the device is ready to accept oth ands again. After the Chip Erase cycle has finished the Write Enable Latch (WEL) bit in the 
Status Register is cleared to со Erase command will not be executed if any page is protected by the Block Protect (СМР, 
SEC, TB, BP2, BP1, and BPO) bits (see Section 6.5, Status Registers on page 49). 


Figure 42. Chip Erase Command Sequence 
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8.2.5 Erase / Program Suspend (75h) 


The Erase / Program Suspend command allows the system to interrupt a Sector or Block Erase operation, then read from or 
program data to any other sector. The Erase / Program Suspend command also allows the system to interrupt a Page Program 
operation and then read from any other page or erase any other sector or block. The Erase / Program Suspend command sequence 
is shown in Figure 43, Erase / Program Suspend Command Sequence on page 70. 


The Write Status Registers command (01h), Program Security Registers (42h), and Erase commands (20h, D8h, C7h, 60h, 44h) are 
not allowed during Erase Suspend. Erase Suspend is valid only during the Sector or Block erase operation. If written during the Chip 
Erase operation, the Erase Suspend command is ignored. The Write Status Registers command (01h), Erase Security Registers 
(44h), and Program commands (02h, 32h, 42h) are not allowed during Program Suspend. Program Suspend is valid only during the 
Page Program operation. 


Table 36. Commands Accepted During Suspend 


Operation Suspended Command Allowed Instruction 
Program or Erase Read Data 03h 
Program or Erase Fast Read . © OBh 
Program or Erase Fast Read Dual Output © 3Bh 
Program or Erase Fast Read Quad Output o 6Bh 
Program or Erase Fast Read Dual I/O BBh 
Program or Erase Fast Read Quad И EBh 
Program or Erase Continuous Read A FFh 
Program or Erase Read Status ister- 1 05h 
Program or Erase Read Stat Ке 35h 
Program or Erase able 06h 

Erase Program 02h 
Program 2 ector Erase 20h 
Program < Block Erase D8h 

Program or Erase Erase / Program Resume 7Ah 


Ө 


The Erase / Program Suspend iea Sé rd be accepted by the device only if the 505 bit in the Status Register equals to 0 
and the BUSY bit equals to 1 while a S or Block Erase or a Page Program operation is on-going. If the SUS bit equals to 1 or 
the BUSY bit equals to 0, the Suspend c mand will be ignored by the device. Program or Erase command for the sector that is 
being suspended will be ignored. © 
A maximum of time of tsus NS 4.8, AC Electrical Characteristics on page 25) is required to suspend the erase or program 
operation. The BUSY bit in the Status Register will be cleared from 1 to 0 within tsus and the SUS bit in the Status Register will be 


set from 0 to 1 immediately after Erase / Program Suspend. For a previously resumed Erase / Program operation, it is also required 
that the Suspend command 75h is not issued earlier than a minimum of time of tsus following the preceding Resume command 7Ah. 


Unexpected power off during the Erase / Program suspend state will reset the device and release the suspend state. SUS bit in the 
Status Register will also reset to 0. The data within the page, sector or block that was being suspended may become corrupted. It is 
recommended for the user to implement system design techniques to prevent accidental power interruption, provide non-volatile 
tracking of in process program or erase commands, and preserve data integrity by evaluating the non-volatile program or erase 
tracking information during each system power up in order to identify and repair (re-erase and re-program) any improperly 
terminated program or erase operations. 
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Figure 43. Erase / Program Suspend Command Sequence 


tsus * 


8.2.6 Erase / Program Resume (7Ah) 


The Erase / Program Resume command "7Ah" must be written to resume the Sector or Block Erase operation or the Page Program 
operation after an Erase / Program Suspend. The Resume command "7Ah" will be accepted by the device only if the SUS bit in the 
Status Register equals to 1 and the BUSY bit equals to 0. After the Resume command is issued the SUS bit will be cleared from 1 to 
0 immediately, the BUSY bit will be set from 0 to 1 within 200 ns and the Sector or Block will co e the erase operation or the 
page will complete the program operation. If the SUS bit equals to 0 or the BUSY bit equals to* Resume command "7Ah" will be 
ignored by the device. The Erase / Program Resume command sequence is shown in Fig 


It is required that a subsequent Erase / Program Suspend command not to be issued a minimum of time of “<” following a 
Resume command. 


Figure 44. Erase / Program Resume we Sequence 


8.3 Read Commands & 


8.3.1 Read Data (03h) „С? 


The Read Data command allows one (деге data bytes to be sequentially read from the memory. The command is initiated by 
driving the CS£ pin low and then shifting e instruction code “03h” followed by a 24-bit address (A23-A0) into the SI pin. The code 
and address bits are latched ont (isjng edge of the SCK pin. After the address is received, the data byte of the addressed memory 
location will be shifted out on s pin at the falling edge of SCK with most significant bit (MSB) first. The address is automatically 
incremented to the next higher address after each byte of data is shifted out allowing for a continuous stream of data. This means 
that the entire memory can be accessed with a single command as long as the clock continues. The command is completed by 
driving CS£ high. 


The Read Data command sequence is shown in Figure 45. If a Read Data command is issued while an Erase, Program or Write 
cycle is in process (BUSY=1) the command is ignored and will not have any effects on the current cycle. The Read Data command 
allows clock rates from DC to a maximum of fg (see Section 4.8, AC Electrical Characteristics on page 25). 


Figure 45. Read Data Command Sequence 
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8.3.2 Fast Read (OBh) 


The Fast Read command is similar to the Read Data command except that it can operate at higher frequency than the traditional 
Read Data command. This is accomplished by adding eight “dummy” clocks after the 24-bit address as shown in Figure 46. The 
dummy clocks allow the devices internal circuits additional time for setting up the initial address. During the dummy clocks the data 
value on the SI pin is a “don’t care.” 


When variable read latency is enabled, the number of dummy cycles is set by the Latency Control value in SR3 to optimize the 
latency for the frequency in use. See. Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V 
on page 57. 


Figure 46. Fast Read Command Sequence 


8.3.3 Fast Read Dual Output (3Bh) SS 


The Fast Read Dual Output (3Bh) command is similar to the standard Fast R ao h) command except that data is output on two 
pins; ІО0 and 101. This allows data to be transferred from the S25FL1-K atte the rate of standard SPI devices. The Fast Read 
Dual Output command is ideal for quickly downloading code from flash toRA upon power-up or for applications that cache code- 
segments to RAM for execution. 


Similar to the Fast Read command, the Fast Read Dual Output conan can operate at higher frequency than the traditional Read 
Data command. This is accomplished by adding eight “dummy s after the 24-bit address as shown in Figure 47. The dummy 
clocks allow the device's internal circuits additional time for s. up the initial address. The input data during the dummy clocks is 
"don't care.” However, the 00 pin should be high-impeda rior to the falling edge of the first data out clock. 


When variable read latency is enabled, the number of, my cycles is set by the Latency Control value in SR3 to optimize the 
latency for the frequency in use. See. Table 30, La Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V 


on page 57. Q 
Ше Fast Read Dual Output Command Sequence 


сөй хь \ \\ 
SCK ҮЛ ИЛИШ ЕЛ ИШИ" 


ico — [7 [e [5 [4 [з [2 [1 [о 13122120 He 14 12 To Te T4 210 
===) 1 
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8.3.4 Fast Read Quad Output (6Bh) 


The Fast Read Quad Output (6Bh) command is similar to the Fast Read Dual Output (3Bh) command except that data is output on 
four pins, 100, 101, IO2, апа 103. A Quad enable of Status Register-2 must be executed before the device will accept the Fast Read 
Quad Output Command (Status Register bit QE must equal 1). The Fast Read Quad Output Command allows data to be transferred 
from the S25FL1-K at four times the rate of standard SPI devices. 


The Fast Read Quad Output command can operate at higher frequency than the traditional Read Data command. This is 
accomplished by adding eight "dummy" clocks after the 24-bit address as shown in Figure 48. The dummy clocks allow the device's 
internal circuits additional time for setting up the initial address. The input data during the dummy clocks is “don’t care.” However, the 
IO pins should be high-impedance prior to the falling edge of the first data out clock. 


When variable read latency is enabled, the number of dummy cycles is set by the Latency Control value in SR3 to optimize the 
latency for the frequency in use. See. Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V 
on page 57. 


Figure 48. Fast Read Quad Output Command Sequence < 


CS# \ 
SCK | | | UN АХ 

100 7 іе [5 14 з [2 11 [о [23 \\ [110] LNA Га [о [4 [о [4 [о [4 [0 [4 
4 2 - 
0o: —— = [6 [2 [6 [2 [6 [2 [6 [2 [6 [2 [6 
103 ——————————————————3À © 7 


Phase м 


8.3.5 Fast Read Dual I/O (ВВП) 


The Fast Read Dual I/O (BBh) command allows for impro 
to the Fast Read Dual Output (3Bh) command but with 
reduced command overhead may allow for code ex 


ndom access while maintaining two IO pins, IO0 and 101. It is similar 
apability to input the Address bits (A23-0) two bits per clock. This 
tien (XIP) directly from the Dual SPI in some applications. 


Fast Read Dual I/O with “Continuous R ode” 

The Fast Read Dual I/O command can tur fekuce instruction overhead through setting the “Continuous Read Mode” bits (M7-0) 
after the input Address bits (A23-0), as 59 іп Figure 49. The upper nibble of the (М7-4) controls the length of the next Fast Read 
Dual I/O command through the inclusion*or exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are don't 
care (“x”). However, the IO pins зове high-impedance prior to the falling edge of the first data out clock. 


If the "Continuous Read Mode WS = (1,0), then the next Fast Read Dual I/O command (after CS# is raised and then lowered) 
does not require the BBh instructión code, as shown in Figure 50. This reduces the command sequence by eight clocks and allows 
the Read address to be immediately entered after CS# is asserted low. If the “Continuous Read Mode" bits M5-4 do not equal to 
(1,0), the next command (after CS£ is raised and then lowered) requires the first byte instruction code, thus returning to normal 
operation. A "Continuous Read Mode" Reset command can also be used to reset (M7-0) before issuing normal commands (see 
See Continuous Read Mode Reset (FFh or FFFFh) on page 75.). 


When variable read latency is enabled, the number of latency (Mode * Dummy) cycles is set by the Latency Control value in SR3 to 
optimize the latency for the frequency in use. See Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 
3.6V on page 57. Note that the legacy Read Dual I/O command has four Mode cycles and no Dummy cycles for a total of four 
latency cycles, Enabling the variable read latency allows for the addition of more read latency to enable higher frequency operation 
of the Dual ИО command. 
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Figure 49. Fast Read Dual I/O Command Sequence (Initial command or previous М5-4 = 10) 


С5# \\ 
SCK s = l 3111511112 51 551883 


Instruction 


Note: 
1. Least significant 4 bits of Mode are don't care and it is optional for the host to drive these bits. The host may turn off drive during these cycles to increase bus turn 
around time between Mode bits from host and returning data from the memory. 


Figure 50. Fast Read Dual I/O Command Sequence (Previous command set М5-4 = 10) 


8.3.6 Fast Read Quad І/О (EBh) «© 


The Fast Read Quad I/O (EBh) command is similar to the Fast Read Qual I/O (ВВП) command except that address and data bits are 
input and output through four pins 100, 101, 102 and ІОЗ апа Ц Отту clock аге required prior to the data output. The Quad I/O 
dramatically reduces instruction overhead allowing faster ra access for code execution (XIP) directly from the Quad SPI. The 
Quad Enable bit (QE) of Status Register-2 must be set to e the Fast Read Quad І/О Command. 


Fast Read Quad I/O with “Continuous Read e" 

The Fast Read Quad І/О command can further ге nstruction overhead through setting the "Continuous Read Mode" bits (M7-0) 
after the input Address bits (A23-0), as shown i ure 51, Fast Read Quad І/О Command Sequence (Initial command or previous 
М5-4 #10) on page 74. The upper nibble о М7-4) controls the length of the next Fast Read Quad І/О command through the 
inclusion or exclusion of the first ho es i n code. The lower nibble bits of the (M3-0) аге don't care (“x”). However, the IO pins 
should be high-impedance prior to d ng edge of the first data out clock. 


If the "Continuous Read Mode" bi (5 (1,0), then the next Fast Read Quad I/O command (after CS# is raised and then lowered) 
does not require the EBh instru code, as shown in Figure 52, Fast Read Quad I/O Command Sequence (Previous command 
set M5-4 = 10) on page 74. This reduces the command sequence by eight clocks and allows the Read address to be immediately 
entered after CS# is asserted low. If the "Continuous Read Mode" bits M5-4 do not equal to (1,0), the next command (after СӨ is 
raised and then lowered) requires the first byte instruction code, thus returning to normal operation. A "Continuous Read Mode" 
Reset command can also be used to reset (M7-0) before issuing normal commands (see Section 8.4.3, Continuous Read Mode 
Reset (FFh or FFFFh) on page 75). 


When variable read latency is enabled, the number of latency (Mode * Dummy) cycles is set by the Latency Control value in SR3 to 
optimize the latency for the frequency in use. See. Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 
3.6V on page 57. Note that the legacy Read Quad I/O command has two Mode cycles plus four Dummy cycles for a total of six 
latency cycles, Enabling the variable read latency allows for the addition of more read latency to enable higher frequency operation 
of the Quad І/О command. 
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Figure 51. Fast Read Quad I/O Command Sequence (Initial command or previous М5-4 410) 


CS# | M 


оо —17 [6/5 [4 [3/2 [1 [о 120 | [4 10 / 4 [E а [о [а о [а [04 [0 | 


Note: 
1. Least significant 4 bits of Mode are don't care and it is optional for the host to drive these bits. The host may turn off drive during these cycles to increase bus turn 
around time between Mode bits from host and returning data from the memory. 


Figure 52. Fast Read Quad І/О Command Sequence (Previous =o М5-4 = 10) 


Fast Read Quad ИО with “16 / 32 I 64-Byte Wrap Aro 

The Fast Read Quad I/O command can also be used to ac specific portion within a page by issuing a "Set Burst with Wrap" 
command prior to EBh. The "Set Burst with Wrap" comm an either enable or disable the "Wrap Around" feature for the following 
EBh commands. When “Wrap Around” is enabled, the eing accessed can be limited to either а 16 / 32 / 64-byte section of 
data. The output data starts at the initial address s d in the command, once it reaches the ending boundary of the 16 / 32 / 64- 
byte section, the output will wrap around to the beginning boundary automatically until CS# is pulled high to terminate the command. 


The Burst with Wrap feature allows applicatiogssthat use cache to quickly fetch a critical address and then fill the cache afterwards 
within a fixed length (16 / 32 / oe without issuing multiple read commands. 


The “Set Burst with Wrap" commandsallows three “Wrap Bits", W6-4 to be set. The W4 bit is used to enable or disable the "Wrap 
Around" operation while W6-5 аг suo specify the length of the wrap around section within a page. See Section 8.3.7, Set Burst 
with Wrap (77h) on page 74. 


8.3.7 Set Burst with Wrap (77h) 


The Set Burst with Wrap (77h) command is used in conjunction with "Fast Read Quad І/О” commands to access a fixed length and 
alignment of 8 / 16 / 32 / 64-bytes of data. Certain applications can benefit from this feature and improve the overall system code 
execution performance. This command loads the SR3 bits. 


Similar to a Quad I/O command, the Set Burst with Wrap command is initiated by driving the CS# pin low and then shifting the 
instruction code "77h" followed by 24-dummy bits and 8 "Wrap Bits", W7-0. The command sequence is shown in Figure 53, Set 
Burst with Wrap Command Sequence on page 75. Wrap bit W7 and the lower nibble W3-0 are not used. See Status Register-3 
(SR3[6:4]) for the encoding of W6-W4 in Section 6.5, Status Registers on page 49. 


Once W6-4 is set by a Set Burst with Wrap command, all the following "Fast Read Quad І/О” commands will use the W6-4 setting to 
access the 8 / 16 / 32 / 64-byte section of data. Note, Status Register-2 QE bit (SR2[1]) must be set to 1 in order to use the Fast 
Read Quad І/О and Set Burst with Wrap commands. To exit the "Wrap Around" function and return to normal read operation, 
another Set Burst with Wrap command should be issued to set W4 = 1. The default value of W4 upon power on is 1. In the case of a 
system Reset while W4 = 0, it is recommended that the controller issues a Software Reset command or a Set Burst with Wrap 
command to reset W4 = 1 prior to any normal Read commands since S25FL1-K does not have a hardware Reset Pin. 
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Figure 53. Set Burst with Wrap Command Sequence 


8.4 Reset Commands 


Software controlled Reset commands restore the device to its initial power up state, by reloading volatile registers from non-volatile 
default values. If a software reset is initiated during a Erase, Program or writing of a Register On the data in that Sector, Page 


or Register is not stable, the operation that was interrupted needs to be initiated again. K 
When the device is in Deep Power-Down mode it is protected from a software reset, the re reset commands are ignored and 
have no effect. To reset the device send the Release Power down command (ABh) a time duration of tres, the device will 


resume normal operation and the Software reset commands will be accepted. 


A software reset is initiated by the Software Reset Enable command (66h) follo 
executed when CS# is brought high after їрєн time at the end of the Softw 
executing the next Instruction after the Software Reset. See Figure 27, So, 


y Software Reset command (99h) and then 
et instruction and requires (вет time before 
e Reset Input Timing on page 28 


igh after tracy time, if not the Software Reset will not be 


Note: The tracy is a Cypress specific parameter and CS# must be го 


executed. > 


Figure 54. Software Reset Command Sequence 


8.4.1 Software Reser Enable (66h) 


The Reset Enable (66h) command is required immediately before a software reset command (99h) such that a software reset is a 
sequence of the two commands. Any command other than Reset (99h) following the Reset Enable (66h) command, will clear the 
reset enable condition and prevent a later RST command from being recognized. 


8.4.2 Software Reset (99h) 


The Reset (99h) command immediately following a Reset Enable (66h) command, initiates the software reset process. Any 
command other than Reset (99h) following the Reset Enable (66h) command, will clear the reset enable condition and prevent a 
later Reset (99h) command from being recognized. 


8.4.3 Continuous Read Mode Reset (FFh or FFFFh) 


The “Continuous Read Mode” bits are used in conjunction with "Fast Read Dual I/O” and “Fast Read 

Quad I/O” commands to provide the highest random Flash memory access rate with minimum SPI instruction overhead, thus 
allowing more efficient XIP (execute in place) with this device family. A device that is in a continuous high performance read mode 
may not recognize any normal SPI command or the software reset command may not be recognized by the device. It is 
recommended to use the Continuous Read Mode Reset command after a system Power on Reset or, before sending a software 
reset, to ensure the device is released from continuous high performance read mode. 
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The "Continuous Read Mode" bits M7-0 are set by the Dual/Quad I/O Read commands. М5-4 are used to control whether the 8-bit 
SPI instruction code (ВВП or EBh) is needed or not for the next command. When М5-4 = (1,0), the next command will be treated the 
same as the current Dual/Quad I/O Read command without needing the 8-bit instruction code; when M5-4 do not equal to (1,0), the 
device returns to normal ӘРІ command mode, in which all commands can be accepted. M7-6 and М3-0 are reserved bits for future 
use, either O or 1 values can be used. 


The Continuous Read Mode Reset command (FFh or FFFFh) сап be used to set M4 = 1, thus the device will release the Continuous 
Read Mode and return to normal SPI operation, as shown in Figure 55. 


Figure 55. Continuous Read Mode Reset for Fast Read Dual or Quad I/O 


CS# 
SCK LPL LEP LEE LL LL LL LL LL os 
ioo E FFFFh = 
IO1 
IO2 
IO3 
DIO Phase | 
QIO Phase ` 


Notes: 
1. То reset “Continuous Read Mode" during Quad ШО operation, only eight clocks are needed. The пета is "FFh". 


2. To reset "Continuous Read Mode" during Dual I/O operation, sixteen clocks are needed to shift in i 


% ion "FFFFh". 
8.4.4 Host System Reset Commands SS 


Since S25FL1-K does not have a hardware Reset pin, if the host эуе огу controller resets, without a complete power-down 
and power-up sequence, while an S25FL 1-K device is set to Contiduous Mode Read, the S25FL 1-K device will not recognize any 
initial standard ӘРІ commands from the controller. To address thi sibility, it is recommended to issue a Continuous Read Mode 
Reset (FFFFh) command as the first command after a system t. Doing so will release the device from the Continuous Read 
Mode and allow Standard SPI commands to be recognized Qs Section 8.4.3, Continuous Read Mode Reset (FFh or FFFFh) 

on page 75. 


If Burst Wrap Mode is used, it is also recommended 10%58ице a Set Burst with Wrap (77h) command that sets the W4 bit to one as the 
second command after a system Reset. Doing so elease the device from the Burst Wrap Mode and allow standard sequential 
read SPI command operation. See Section 8.3, ( 9t Burst with Wrap (77h) оп page 74. 


Issuing these commands immediately a "Фб power-cyce (warm) system reset, ensures the device operation is consistent with 
the power-on default device operation. ame commands may also be issued after device power-on (cold) reset so that system 
reset code is the same for warm or cold réset. 


хо 
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8.5 ID and Security Commands 


8.5.1 Deep-Power-Down (B9h) 


Although the standby current during normal operation is relatively low, standby current can be further reduced with the Deep-Power- 
Down command. The lower power consumption makes the Deep-Power-Down (DPD) command especially useful for battery 
powered applications (see lcc4 and |сс2 in Section 4.8, AC Electrical Characteristics on page 25). The command is initiated by 
driving the CS£ pin low and shifting the instruction code “B9h” as shown in Figure 56. 


The CS£ pin must be driven high after the eighth bit has been latched. If this is not done the Deep-Power-Down command will not be 
executed. After CS# is driven high, the power-down state will entered within the time duration of tpp (Section 4.8, AC Electrical 
Characteristics on page 25). While in the power-down state only the Release from Deep-Power-Down / Device ID command, which 
restores the device to normal operation, will be recognized. All other commands are ignored. This includes the Read Status Register 
command, which is always available during normal operation. Ignoring all but one command also makes the Power Down state a 
useful condition for securing maximum write protection. The device always powers-up in the normal operation with the standby 
current of lec. 


Figure 56. Deep Power-Down Command Sequens 


8.5.2 Release from Deep-Power.Don() Device ID (ABh) 


The Release from Deep-Power-Down / Device ID ieee a multi-purpose command. It can be used to release the device from 
the deep-power-down state, or obtain the devices ele identification (ID) number. 


To release the device from the deep-power-down ‚ the command is issued by driving the CS? pin low, shifting the instruction 
code “АВһ” and driving CS# high as shown in Fj 57. Release from deep-power-down will take the time duration of tres, 
(Section 4.8, AC Electrical Characteristics on e 25) before the device will resume normal operation and other commands are 
accepted. The CS£ pin must remain се the tres, time duration. 

il 


When used only to obtain the Device e not їп the deep power-down state, the command is initiated by driving the CS# pin low 
and shifting the instruction code “ ш, llowed by 3-dummy bytes. The Device ID bits are then shifted out on the falling edge of 
SCK with most significant bit 8 rst. The Device ID values for the S25FL1-K is listed іп Section 6.6.1, Legacy Device 
Identification Commands on page*59. The Device ID сап be read continuously. The command is completed by driving CS£ high. 


When used to release the device from the deep-power-down state and obtain the Device ID, the command is the same as previously 
described, and shown in Figure 58, except that after CS# is driven high it must remain high for a time duration of tags». After this 
time duration the device will resume normal operation and other commands will be accepted. If the Release from Deep-Power-Down 
/ Device ID command is issued while an Erase, Program or Write cycle is in process (when BUSY equals 1) the command is ignored 
and will not have any effects on the current cycle. 


Figure 57. Release from Deep-Power-Down Command Sequence 
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Figure 58. Read Electronic Signature (RES ABh) Command Sequence 


CS# | \\ 
sx | Ея, тп 
si 
80-------::-:::::-::)--1І715 514131274191. 


Phase Е 


8.5.3 Read Manufacturer / Device ID (90h) 


The Read Manufacturer / Device ID command is an alternative to the Release from Deep-Power-Down / Device ID command that 
provides both the JEDEC assigned manufacturer ID and the specific device ID. 


The Read Manufacturer / Device ID command is very similar to the Release from Deep-Power-D / Device ID command. The 
command is initiated by driving the CS# pin low and shifting the instruction code "90h" followe ыы address (А23-А0) of 
000000h. After which, the Manufacturer ID and the Device ID are shifted out on the falling e SCK with most significant bit 
(MSB) first as shown in Figure 59. The Device ID values for the S25FL 1-К is listed in Se .6.1, Legacy Device Identification 
Commands on page 59. If the 24-bit address is initially set to 000001h the Device ID «y: read first and then followed by the 
Manufacturer ID. The Manufacturer and Device IDs can be read continuously, alternating from one to the other. The command is 
completed by driving CS# high. A 


Figure 59. READ ID (90h) Command Sequence 


cse | \ 
sek (ППППППЛЛІВ 
si т 1615 4 [312 {1 [0 [230 


8.5.4 Read ЈЕРЕС ID (9Fh S 


For compatibility reasons, the S25FL1-K s several commands to electronically determine the identity of the device. The Read 
JEDEC ID command is compatible wit DEC standard for SPI compatible serial flash memories that was adopted in 2003. 
The command is initiated by driving t # pin low and shifting the instruction code “9Fh”. The JEDEC assigned Manufacturer ID 
byte and two Device ID bytes, M уре (ID15-ID8) and Capacity (107-100) are then shifted out on the falling edge of ЗСК with 
most significant bit (MSB) first wn in Figure 60. For memory type and capacity values refer to Section 6.6.1, Legacy Device 
Identification Commands on page 59. 


Figure 60. Read JEDEC ID Command Sequence 


S) 2 [615 [4 13121110] wau 
so те [5 14131211 10131615 [413121110] 
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8.5.5 Read SFDP Register / Read Unique ID Number (5Ah) 


The Read SFDP command is initiated by driving the CS# pin low and shifting the instruction code "5Ah" followed by a 24-bit address 
(A23-A0) into the SI pin. Eight “dummy” clocks are also required before the SFDP register contents are shifted out on the falling 
edge of the 40th SCK with most significant bit (MSB) first as shown in Figure 61. For SFDP register values and descriptions, refer to 
Table 6.6.2, Serial Flash Discoverable Parameters (SFDP) on page 59. 


Note: A23-A8 - 0; А7-А0 are used to define the starting byte address for the 256-byte SFDP Register. 


The 5Ah command can also be used to access the Read Unique ID Number. This is a factory-set read-only 8-byte number that is 
unique to each S25FL1-K device. The ID number can be used in conjunction with user software methods to help prevent copying or 
cloning of a system. 


Figure 61. Read SFDP Register Command Sequence 


CS# \\ a 
вк TPL LULU UU UU US 
J ERESESERERERERERES [т Го | АЕ 


8.5.6 Erase Security Registers (44h) 


The Erase Security Register command is similar to the Sector Erase nd. A Write Enable command must be executed before 
the device will accept the Erase Security Register Command (Status ter bit WEL must equal 1). The command is initiated by 
driving the CS£ pin low and shifting the instruction code “44h” follow by a 24-bit address (A23-A0) to erase one of the security 


registers. ee 


Address A23-16 A15-8 А7-0 
Security Register-1 00h © 10h xxh 
Security Register-2 00h & 20h xxh 
Security Register-3 00h 30h xxh 


Note: о 
1. Addresses outside the ranges in the table have efined results. 


The Erase Security Register coma sequence is shown in Figure 62. The CS£ pin must be driven high after the eighth bit of the 
last byte has been latched. If this Ts not done the command will not be executed. After CS# is driven high, the self-timed Erase 
Security Register operation will commence for a time duration of tse (see Section 4.8, AC Electrical Characteristics on page 25). 
While the Erase Security Register cycle is in progress, the Read Status Register command may still be accessed for checking the 
status of the BUSY bit. The BUSY bit is a 1 during the erase cycle and becomes a 0 when the cycle is finished and the device is 
ready to accept other commands again. After the Erase Security Register cycle has finished the Write Enable Latch (WEL) bit in the 
Status Register is cleared to 0. The Security Register Lock Bits (LB3:1) in the Status Register-2 can be used to OTP protect the 
security registers. Once a lock bit is set to 1, the corresponding security register will be permanently locked, and an Erase Security 
Register command to that register will be ignored (see Security Register Lock Bits (LB3, LB2, LB1, LBO) on page 57). 


Figure 62. Erase Security Registers Command Sequence 


 — "a 
ML d aL. 


Phase i 
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8.5.7 Program Security Registers (42h) 


The Program Security Register command is similar to the Page Program command. It allows from one byte to 256 bytes of security 
register data to be programmed at previously erased (FFh) memory locations. A Write Enable command must be executed before 
the device will accept the Program Security Register Command (Status Register bit WEL- 1). The command is initiated by driving 
the CS£ pin low then shifting the instruction code “42h” followed by a 24-bit address (А23-А0) and at least one data byte, into the SI 
pin. The CS# pin must be held low for the entire length of the command while data is being sent to the device. 


Address A23-16 A15-8 A7-0 
Security Register-1 00h 10h Byte Address 
Security Register-2 00h 20h Byte Address 
Security Register-3 00h 30h Byte Address 
Note: 
1. Addresses outside the ranges in the table have undefined results. < 


The Program Security Register command sequence is shown in Figure 63. The Security Registe ock Bits (LB3:1) in the Status 
Register-2 can be used to OTP protect the security registers. Once a lock bit is set to orresponding security register will be 
permanently locked, and a Program Security Register command to that register will b ored (see Security Register Lock Bits 
(LB3, LB2, LB1, LBO) on page 57 and Page Program (02h) on page 67 for detail ayer). 


Figure 63. Program Security Registers eoimmand Sequence 


AN 


Ñ t 
о [е [5 [4 із [2 [1 [о [23] \ ИНЕЗЕЗЕ СА ЕЕ ЕЕ КО А ЕЕ ЕЗЕП КВС 


8.5.8 Read Security Regist 48h) 


The Read Security Register command is si rito the Fast Read command and allows опе or more data bytes to be sequentially 
read from one of the three security regi rie command is initiated by driving the CS# pin low and then shifting the instruction 
code “48h” followed by a 24-bit addr 950) and eight “dummy” clocks into the SI ріп. The code and address bits are latched 
on the rising edge of the SCK pin. he address is received, and following the eight dummy cycles, the data byte of the 
addressed memory location will b ted out on the SO pin at the falling edge of SCK with most significant bit (MSB) first. Locations 
with address bits А23-А16 not equal to zero, have undefined data. The byte address is automatically incremented to the next byte 
address after each byte of data is shifted out. Once the byte address reaches the last byte of the register (byte FFh), it will reset to 
OOh, the first byte of the register, and continue to increment. The command is completed by driving CS# high. The Read Security 
Register command sequence is shown in Figure 64. If a Read Security Register command is issued while an Erase, Program, or 
Write cycle is in process (BUSY=1), the command is ignored and will not have any effects on the current cycle. The Read Security 
Register command allows clock rates from DC to a maximum of Fg (see Section 4.8, AC Electrical Characteristics on page 25). 


Address A23-16 A15-8 A7-0 
Security Register-0 (SFDP) 00h 00h Byte Address 
Security Register-1 00h 10h Byte Address 
Security Register-2 00h 20h Byte Address 
Security Register-3 00h 30h Byte Address 


Note: 
1. Addresses outside the ranges in the table have undefined results. 
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Figure 64. Read Security Registers Command Sequence 


CS# \\ \\ _ 2... j 
so — a [7[6[5[4[з |21110) 


Phase i 


8.6 Set Block / Pointer Protection (39h) — S25FL132K and S25FL164K 


The user has a choice to enable one of two protection mechanisms: block protection or pointer protection. Only one protection 
mechanism can be enabled at one time. 


mechanisms is enabled, and if the pointer protection mechanism is enabled, determines the рој ddress. The Write Enable 


The Set Block / Pointer Protection (39h) is a new command (see Figure 65) and is used to determine which one of the two protection 
command must precede the Set Block / Pointer command. ps 


pointer protection mechanism will be enabled. If A10 = 1, then the block protection mo enabled. This is the default state, and the 
rest of pointer values are don't care. If A10=0, then the pointer protection is enabled& and the block protection feature is disabled. 
The pointer address values A9 to А0 are don't care. 


N 
After the Set Block / Pointer Protection command is given, the value of A10 in byte 3 E the block protection or the 


If the pointer protection mechanism is enabled, a pointer address determin O inda between the protected and the 
unprotected regions in the memory. The format of the Set Pointer 2. i$ the 39h instruction followed by three address bytes. 
For the S25FL132K, ten address bits (A21-A12) after the 39h comm used to program the non-volatile pointer address. For 
the 32M, A23 — A22 are don't care. For the S25FL164K, eleven add«esSwbits (A22-A12) after the 39h command are used to program 
the non-volatile pointer address. For the 64M, A23 is a don't care 


The A11 bit can be used to protect all sectors. If A11=1, then a tors are protected, and A23 — A12 аге don't cares. If A11=0, then 
the unprotected range will be determined by A22-A12 for t and A21-A12 for the 32M. The area that is unprotected will be 
inclusive of the 4-КВ sector selected by the pointer addr, 


Bit 5 (Top / Bottom) of SR1 is used to determine wh 
or bottom (lowest address) of the memory array 


the region that will be unprotected will start from the top (highest address) 
location of the pointer. ІГТВ-0 and the 39h command is issued followed by a 
24-bit address, then the 4-kB sector which dian that address and all the sectors from the bottom up (zero to higher address) will 
be unprotected. If TB=1 and 39h command ued followed by a 24-bit address then the 4-kB sector which includes that address 
and all the sectors from the Top down lower address) will be unprotected. 


The SRP1 (SR2 [0]) and SRPO (SR its are used to protect the pointer address in the same way they protect SR1 and SR2. 
When SRP1 and SRPO protect S d SR2, the 39h command is ignored. This effectively prevents changes to the protection 
scheme using the existing SRP РО mechanism - including the OTP protection option. 


The 39h command is ignored during a suspend operation because the pointer address cannot be erased and re-programmed during 
a suspend. 
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The Read Status Register-3 command 33h (see Figure 34 for 33h timing diagram) reads the contents of SR3 followed by the 
contents of the pointer. This allows the contents of the pointer to be read out for test and verification. The read back order is SR3, 
A23-A16, A15-A8. If CS# remains low, the Bytes after A15-A8 are undefined. 


Protect Address | Unprotect Address 
TB A11 A10 Range Range Comment 
" x 1 See Block Protect | See Block Protect |А10 = 1 the block protect protection mode is enabled (this is 
Method Method the default state and the rest of pointer address is don't care). 
ІГТВ-0 and the 39h command is issued followed by а 24-bit 
0 0 0 Amax (1) to А<22-12> (2) address, then the 4-kB sector which includes that address 
(A<22-12>+1) to 000000 and all the sectors from the bottom up (zero to higher 
address) will be unprotected. 
If TB=1 and 39h command is issued followed by a 24-bit 
4 0 0 (А<22-12>-1) Атах (1) address then the 4-kB sector which includes that address апа 
to 000000 to А<22-12> all the sectors from the Top down (max to lower address) will 
be unprotected. 
Amax (1) to | А10-0 and A11 =1 m ies all sectors and Amax-A12 
x 1 0 000000 Not Applicable are don't care. Q 
Notes AN 
1. Атах = 7FFFFFh for the FL164K, апа 3FFFFFh for the FL132K. 


2. A«21-12» for the FL132K. К 


Block Erase: In general, if the pointer protect scheme is active (А10- Qua all sectors is not active (А11-0), and the pointer 
address points to anywhere within the block, the whole block will be*grotected from Block Erase even though part of the block is 
unprotected. The 2 exceptions where block erase goes through igif'the pointer address points to the TOP sector of the 
block(A[15:12]=1111) if TB=0, and if the pointer points to the OM sector of the block (A[15:12]=0000) and ТВ-1. 


Figure жб Pointer Address (39h) 
сөй A 
SCK H) 


ШИ? [615 |413 090 23222120 1918171815 141312 тох хх x] xx] x] x] x) 


SO Dummy Cycles 


e c — Address = 
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9. Data Integrity 


9.1 Erase Endurance 


Table 37. Erase Endurance 


S25FL116K/S25FL132K/S25FL164K 


Parameter Min Unit 
Program/Erase cycles main Flash array sector 100K PE cycle 
Program/Erase cycles Security Registers non-volatile register array (1) 1K PE cycle 


Note: 


1. Each write command to a non-volatile register causes a PE cycle on the entire non-volatile register array. Re-writing registers with the same value doesn't cause a PE 
cycle. OTP bits in registers internally reside in a separate array that is not cycled. 


9.2 Data Retention 


* 


$ 


5? 


9.3 Initial Delivery State 


The device is shipped from Cypress with non-volatile bits / default 
ш The entire memory array is erased: і.е. all bits are set to 
m The Unique Device ID is programmed to a random nu 


W The SFDP Security Register address space 0 c 
Parameters (SFDP) on page 59. Security Regis 


contains FFh). 


Status Register-1 contains 00һ. 


Status Register-2 contains 04h. Q Q 


Status Register-3 contains 70h. x 


SO 
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Ф 


éag byte contains F 


< set as follows: 


Fh). 


Parameter Test cone enn Minimum Time Unit 
| | 10K Program/Erase Сус! 20 Years 

Data Retention Time 
100K Program/Er ycles 2 Years 


eeded by the date and time of device test. 


ithe values as defined in Table 6.6.2, Serial Flash Discoverable 
ddress spaces 1 to 3 are erased: i.e. all bits are set to 1 (each byte 
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10. Ordering Information 
The ordering part number is formed by a valid combination of the following: 


S25FL1 32 K ох M F І 01 1 
L— Packing Туре 
0 = Tray 
1 = Tube 
3 = 13" Tape and Reel 


Model Number (Additional Ordering Options) 
00 - 16-lead SO package (300 mil) 
01 = 8-lead SO package (208 mil) / 8-contact WSON 
02 = 5x5 ball BGA package 
03 = 4 x 6 ball BGA package (208 mil) 
04 - 8-lead SO package (150 mil) / 8-contact USON (4 mm x 4 mm) 
О1 8-lead SO package (208 mil) / 8-contact WSON 
(Default quad mode enabled 


 —— Temperature Range $ 


) 
| = Industrial (-40°С to +85°C 
V = Industrial Plus (-40*C t ) 


A = Automotive, АЕС-О rade 3 (-40°C to +85°C) 

B = Automotive, AE Ço) 00 Grade 2 (-40?C to +105°C) 
Package Materi, 
Е =Lead (Pb) 


H= Low- 
РаскадёұТуре 
M z'&clead / 16-lead SO package 
qf eor WSON/USON package 

24-ball 6 x 8 mm BGA package, 1.0 mm pitch 
Speed 


у OX = 108 MHz 
< Device Technology 


alogen-free 
, Lead (Pb)-free 


K = 90 nm floating gate process technology 


-- Density 
16 = 16 Mbits 
Q 32 - 32 Mbits 


64 - 64 Mbits 
Device ow 
S2 
SS 
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Valid Combinations — Standard 
Table 38 lists standard configurations planned to be supported in volume for this device. Consult your local sales office to confirm 
availability of specific valid combinations and to check on newly released combinations. 


S25FL116K/S25FL132K/S25FL164K 


Table 38. Valid Combinations for Standard Part Numbers 


Base Ordering Part Number | Speed Option | Package and Temperature Model Number Packing Type | Package Marking 
01 FL116KIF01 
MFI Q1 FL116KIFQ1 
04 FL116KIF4 
01 FL116KVFO1 
MFV 0,1,3 
04 FL116KVF4 
NFI 01 FL116KIF01 
FL116K ох 
Q1 <N FL116KIFQ1 
NFV 01 ` FL116KVF01 
02 c FL116KIHO2 
BHI о; 
2) "" FL116KIH03 
| FL116KVH02 
BHV 
3 FL116KVH03 
01 FL132KIF01 
MFI Ф 04 FL132KIF4 
SS Q1 FL132KIFQ1 
01 FL132KVFO01 
MFA (2j 
04 doen FL132KVF4 
01 m FL132KIF01 
ЕІ 04 FL132KIF04 
FL132K ох 
< Q1 FL132KIFQ1 
Q 01 FL132KVFO01 
NFV 
O 04 FL132KVF04 
02 FL132KIH02 
BHI 
x 03 us FL132KIH03 
O 02 | FL132KVH02 
BHV 
03 FL132KVH03 
00 FL164KIFOO 
MFI 01 FL164KIFO01 
Q1 FL164KIFQ1 
00 FL164KVF00 
MFV 0, 1,3 
01 FL164KVFO1 
01 FL164KIFO01 
FL164K ох NFI 
Q1 FL164KIFQ1 
NFV 01 FL164KVFO01 
02 FL164KIHO2 
BHI 
03 T FL164KIHO3 
02 | FL164KVH02 
BHV 
03 FL164KVH03 
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S25FL116K/S25FL132K/S25FL164K 


The table below lists configurations that are Automotive Grade / AEC-Q100 qualified and are planned to be available in volume. The 
table will be updated as new combinations are released. Consult your local sales representative to confirm availability of specific 
combinations and to check on newly released combinations. 


Production Part Approval Process (PPAP) support is only provided for AEC-Q100 grade products. 


Products to be used in end-use applications that require ISO/TS-16949 compliance must be AEC-Q100 grade products in 
combination with PPAP. Non-AEC-Q100 grade products are not manufactured or documented in full compliance with 
ISO/TS-16949 requirements. 


AEC-Q100 grade products are also offered without PPAP support for end-use applications that do not require ISO/TS-16949 
compliance. 


Table 39. Valid Combinations — Automotive Grade / AEC-Q100 


Base Ordering Part Number | Speed Option | Package and Temperature Model Number — Type | Package Marking 
01 D FL116KAF01 
MFA Q1 FL116KAFQ1 
04 % FL116KAF4 
9 FL116KBF01 
MFB 0, 1,3 
FL116KBF4 
01 FL116KAFO1 
FL116K ох МҒА 
Q1 FL116KAFQ1 
NFB «о 01 FL116KBF01 
© 02 FL116KAHO2 
BHA 
X 03 - FL116KAHO3 
02 FL116KBH02 
03 FL116KBH03 
< 01 FL132KBF01 
MFB 
04 FL132KBF4 
СӘ 01 FL132KAF01 
с) МЕА 04 0, 1,3 FL132KAF04 
Q Q1 FL132KAFQ1 
FL132K or 01 FL132KBFO01 
NFB 
04 FL132KBF04 
02 FL132KAH02 
BHA 
03 - FL132KAH03 
02 | FL132KBH02 
BHB 
03 FL132KBH03 
MFB Q1 0,1,3 FL164KAFQ1 
02 FL164KAH02 
BHA 
FL164K ох 03 Gus FL164KAH03 
02 | FL164KBH02 
BHB 
03 FL164KBH03 
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11. Revision History 
Document History Page 
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Memory 


Document Number: 002-00497 


Rev. 


ECN No. 


Orig. of 
Change 
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Date 
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04/14/2014 


Initial release 

Combined S25FL116K 00 06 and S25FL132K 164K 00 05 
Global: Promoted data sheet from Preliminary to Full Production 
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*A 


ASPA 


10/10/2014 


Migration Notes: FL Generations Comparison table: corrected Sector Erase Time (typ.) 
for S25FL1-K 


AC Electrical Characteristics: AC Electrical Characteristics — -40°C to +85°C/105°C at 
2.7V to 3.6V table: added tRCH and tRST 

Input / Output Timing: added Software Reset iiie figure 

Physical Interface: Corrected figure: Coni ON (5 mm x 6 mm) Package 
Security Register 0 — Serial Flash Disc le Parameters 

(SFDP — JEDEC JESD216B): Up tion based on revised JEDEC JESD216B 
Spec 

Commands: Added Command рсы Commands) table 


Reset Commands: Added LO : Reset Commands, Software Reset Enable (66h), 
Software Reset (99h) 


Updated section: Continu ead Mode Reset (FFh or FFFFh) 


*B 


ASPA 


12/04/2014 


Power-Up Timing: Pew Up Timing and Voltage Levels table: corrected TPUW 


Valid Combinations, id Combinations table: corrected FL116K Model Number and 
Package Marki 


“С 


4891479 


BWHA 


09/18/2015 


Updated S template. 


*D 


5044503 


BWHA 


С) 


Qe 


12/18/2015 


Added 4) 4 mm x 4 mm” package related information in all instances across the 
documénh 


U Features: 
ated Package Options. 


Сф Physical Interface: 


Updated Connection Diagrams: 

Updated SOIC 8: 

Updated Figure 28. 

Updated SOIC 16 — S25FL164K: 

Updated Figure 29. 

Updated WSON 8: 

Updated Figure 30. 

Updated FABO24 24-Ball BGA: 

Updated Figure 31. 

Updated FACO24 24-Ball BGA Package: 

Updated Figure 32. 

Updated Physical Diagrams: 

Added UNF008 — 8-Contact USON 4 mm x 4 mm. 
Updated Ordering Information: 

Added “Halogen-free” for “F” under “Package Materials". 


Added Note "GT grade is Cypress's quality and reliability rating to indicate products that 
are tested to meet «10 ppm and intended for high reliability applications such as 
automotive." and referred the same note in "A" under "Temperature Range". 
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Updated Ordering Information: 
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Added a column “Model Number”. с 
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Updated Signal Descriptions: AS 

Updated Input / Output Su : 
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(Updated Package Drawing to Cypress format). 
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Updated Device Identification: 
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Sales, Solutions, and Legal Information 


Worldwide Sales and Design Support 


Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the office 
closest to you, visit us at Cypress Locations. 


Products PSoC® Solutions 
ARM”? Cortex? Microcontrollers cypress.com/arm PSoC 1 | PSoC З | PSoC 4 | PSoC БІР | PSoC 6 
Automotive cypress.com/automotive Cypress Developer Community 
Clocks & Buffers cypress DORUM DNE Forums | WICED IOT Forums | Projects | Video | Blogs | 
Interface cypress.com/interface Training | Components 
Internet of Things cypress.com/iot Technical Support 
Memory cypress.com/memory 
cypress.com/support 
Microcontrollers cypress.com/mcu <N 
PSoC cypress.com/psoc NS 
Power Management ICs cypress.com/pmic ор 
Touch Sensing cypress.com/touch <) 
USB Controllers cypress.com/usb AN 
Wireless Connectivity cypress.com/wireless 
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